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IIYPERCALCKMK' SYNDROME ASSOCIATED WITH 
ANDROGENIC' AND ESTROGENIC THERAPY 


JULIAN B. HERRMANN, M.D., ElKHCNE KIRSTEN, 

M.D. AN-i) JOSEPH S. KRAKAUER, M.D. 

From Ihr Monlrfiorr Jfofpilnl, Xnr Ynrh Cili/* 

I N RECENT years andropenic ami estrogenic compounds liavc been 
employed in (he treatment of breast carcinoma (l-T). Previous work 
has suggested that these honnones may occasionally cause hypercalcemia 
in patients witli osteolytic metastatic mammary carcinoma (0, S). Spon- 
taneous hypercalcemia occurs not infrequently in debilitated patients suf- 
fering from osteolytic lesions secondary to mammary carcinoma. We have 
encountered six such instances in the past year and in some of the.se pa- 
tients there have been recurrent episodes of hypercalcemia associated with 
nausea and vomiting.' Since hypercalcemia is the only serious complication 
reported to date apparently attributable to sex hormone therapy it ap- 
peared to be important to cstabli.sh, if possible, the relationship of these 
hormones to the production of hypercalcemia. 

The case histories arc reported of four patients, three of whom developed 
h 3 'percalcemia coincident with the administration of testosterone propi- 
onate and one with the administration of diethjdstilbestrol. Three patients 
had mammarj’- carcinoma and one patient had a reticulum-cell sarcoma. 
The}' were in the terminal stage of the disease and received hormonal 
therapj' after all other therapeutic measures had been employed. 

Case 1. (38687R) E.W., a 3S-year-old white woman underwent a right radical mastec- 
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toniy about live and one-half years ])rior (o lier a<Imission (o the Monlofiorc Hospital 
in February' 1947. Tlircc .years after the masteetoiny slie developed pleural, pulnuin.'irv, 
osseous and pelvic inctastasos for which she wa.s .surgicidly e.asl rated. .Subsef|uetit to 
the castration she received hiph voltage irradiation to the inet.asfafie .are.-is. Sonie [);dli- 
ation was obtained from these therapeutic procedures. Later the patient’.s condition 



Fig. 1. Testo.sterone propionate administered to a jiatient with hypercalcemia caused 
a rapid elevation of the serum calcium. After termination of the initial period of te.s- 
tosterone therap}’ the serum calcium and blood urea nitrogen levels fell but did not re- 
turn to normal levels. One month later a small amount of the hormone was administered 
for a period of four days. The patient died .subsequently (time of death indicated by 
dagger). 


deteriorated and she was admitted to the hospital because of generalized weakness and 
pain in the right hip. 

Physical e.\'amination on admission to the hospital revealed numerous nodules in the 
skin of the right chest wall in the region of the mastectom}’- scar that were interpreted as 
metastatic mammary carcinoma. Roentgenologic studies disclosed evidence of wide- 
spread osteolytic and pulmonary metastasis. Aspiration of the sternum revealed almost 
complete replacement of the marrow by neoplastic cells. The blood urea nitrogen (BUN) 
and serum phosphorus were within normal limits. 

Testosterone therapy was initiated three weeks after admission. The patient received 
700 mg. of testosterone propionate over a period of twelve days. The serum calcium, 
which was somewhat elevated (13.5 mg. per cent) at the beginning of the treatment rose 






•, r.-i - Hvri:iu'A!.ri;Ml(; symumimi: 

U. IvA HI'.:, prr ri ll', on t^ir rlrvm'Ai il.ny. Tho UYX \mo' ’<T.H nu;. I'or I'ont iivo ilivy^ IhUt 
O in- P 11. '■ HM .1 rlrnr.-ilirr nt tin* tiino w.t- jut nnit of norinnl. 

Nninr-i ;.n>l \oniitinj; (Irvrlnju-il M'Vrr:il iiflrr llir !Ui'!roi:cii thcr.'iiiy w!i>; iiiili- 
n !*' \. Till' \ oinirinr. inrrr.i..r.l in M-vrrity ninl t1io jniticnt btrr Iirrninc lotlnirbr. Hr-r (•nii- 
ihtii'ii iinprovr'i niter tlio tln r.-niy Mn- ili.rontiiuicil ninl ninnimt'' of cl'iro^c, .‘•■.•ilini; 
mill 2..') )'i T crv.t n'lUinn ritmto, tlio Intter iit 2.'0 re. <inntititicH, were tulminihUircil 
jinri-nternlly. ('onruinitnnt witli thi'- iiu|iroven)ent there wn*; n ileerenHe in the roruin 
I'nlriinn ntni Ul'N vnUio'. 'I'he nritinry output, whieli nt the lieichl of toxirity wns ‘200 
to oOO ce. ihiily. inrre.'oeil to over 'JHOtt re. ibily. Diirint: the inontli Miloeiiuent to tlie 
^\ith^l^.•lw;ll of te^to'terone the ^enlln rnlriuin ntnl IIUN reninined inodenitely ebv.'ited 
niul the uren clenranre low. There were no toxir nymploini--. 'Fhe po'-nihility exi.iiled thnt 
the hypere.'deeinin nnd nroteinin Were npontaneoin- and thnt llieir lo-'-orintion witli tlin 
ndinini'-tr.-ition of te^to'-terone wn.- eoineidentid. 

.\hont one nionth .after terininntion of the fir...t rourMi of ntidro^en thernjiy, te.^to^- 
terone jiropionnte wn"- apnin adinini'-tered to the patient heratire of iniraetahle pain, 
.'''he received .*>0 nip. a day for four day..--. Therajiy wa« terminated heraii.'e .‘■he developed 
natnea and voinitinp. The jiatient later heeaine letharpie. Viporou.'i intravenous therapj’ 
wah' iii'-tituted hut .she hecaine roniato.se and died four day.s after withdrawal of tlic 
testiwterone. The serum ralrium did not rire ilurinp the seennd atnl fatal toxic episode. 

/’o.'Iraor.Vra (xnrninntion revealed a recurrence of atiajilastic mammary adenocarci- 
jioina in the operative .‘car with metastasis to the left hreast, limps, thyroid, adrenals, 
left ureter, intestinal serosa, vertebrae, right innominate bone, .sternum and rib.s. Tumor 
obstruction of the left ureter had caused a hydronejihrosis with compensatory hyper- 
trophy of the right kidney. 

Histopathologic examination of the right kidney disclosed narrowing of the lutnin.a 
of the convoluted tubule.s with marked .swelling ami vacuoliration of the tubular 
epithelium. Many c.-dcium dejiosits wore iirescnt in the renal tubules. There was meta- 
static calcification in the left lung and gastric mucosa. The left kidney wns hydronc- 
jihrotic. The parathyroids were normal gro.ssly ami microscopic.ally. 


Case 2. (MH42786) J.Y., a -IS-ycar-old white woman had undergone a left radical 
mastectomy for carcinoma followed by roentgen castration two and one-half years prior 
to her admission to the .Montcfiorc Hospital in Ajiril 1917. Her chief complaint on ad- 
mission was generalized skeletal pain which had nccc-ssitated complete bed rest for a 
number of weeks. Phj’sical examination revealed no evidence of recurrent disease but 
roentgenologic studic.s disclosed evidence of extensive osteolytic metastases. 

The patient had received 900 mg. of testosterone propionate during the six days prior 
to admission and 300 mg. was admini.stered during the first three hospital days. A serum 
calcium determination at this time was 13.G mg. per cent; therefore testosterone therapy 
was stopped. Two days later the serum calcium was 14. G mg. per cent and then it 
slowly returned to normal limits (Fig. 2). At no time was there anj' nausea, vomiting 
or lethargy. 

Testosterone therapj' was again instituted ten daj’s after the serum calcium level 
had returned to normal limits, the patient receiving 50 mg. of the hormone everj' other 
daj' over a period of three weeks for a total dose of G50 mg. There was a gradual rise in 
the serum calcium from 9.G mg. per cent to a peak of 16.1 mg. per cent reached six daj's 
after the therapj' W'as terminated. There was a concomitant rise in the BUN. The urea 
clearance at this time ivas 22 per cent of normal. The hormone was withdrawn because 
the patient developed nausea, vomiting and lethargj'. Glucose in saline and sodium 
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citniio solutions wcro .'Kliuinisforcd prironlcnilly niul (here was a ^radtuil ndurii to normal 
loveds of the serum ealeium and BUN and a coneomdaid cessation of (he nausea and 
vomitinp. 

After a ])cri(>d of (liree weeks during whicdi several fleterminations of tin; serum cal- 
cium and BUN revealotl normal levels, testosterone therajjy was once apain instituted 
for intraetablo jiain, the j)a1icnt receivinp .'{fit) mp. of tlu* hormone duririp a twfdve-day 
period. The serum calcium (piickly rose from a level of 0,1 mp. per cent to a peak of 17.2 
mp. per cent throe days after the withdniwal »)f the hormone. 'J'here w.as a eoneomitant 
rise in the BUN. Nause.a and vomitinp developed in .association with the hypercalcemia. 


MG X 



Fig. 2. Each succcedinp episode of In’jiercalcemia was more intense, appeared more 
promptly and was produced by a smaller dose of testosterone propionate. Despite the 
fall in serum calcium and lilood ure.a nitrogen levels associated with corrective therapy 
the patient died in uremic coma seventeen days after withdrawal of the testosterone 
propionate (time of death indicated bj' dagger). 


Despite withdrawal of the liormone and the institution of vigorous parenteral glucose 
and saline therapy which was followed b}' a drop in tlie serum calcium and BUN, the 
vomiting persisted, the patient became lethargic, developed oliguria and died in uremic 
coma seventeen days after termination of the hormonal therapy. There was a terminal 
hyperpyrexia of 108° F. 

Postmortem examination^ limited to an abdominal incision, revealed metastatic mam- 
mary carcinoma in the lungs, pleura, tracheobronchial l 3 "mph nodes, liver and bones. 
The parathyroids were not obtained for examination. 

Histopathologic examination of the kidnej'^s revealed small areas of subcapsular 
fibrosis with round cell infiltration and an occasional hyalinized and fibrosed glomerulus. 
The glomeruli for the most part were normal. The tubules revealed degeneration of the 
lining epithelium and contained hyaline and granular casts. Calcium deposits were 
present, especially in the lumina of the collecting tubules, frequently involving the walls. 
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Cnr-c 3. (-tZ-JlO) M.R., n -SH-yrnr-olii wlii(c wfnutiii iiati l)i>poino awaro of 

I'ahi )!1 both \np''. faYinor' nlai wrn’.Ut ixUmX ou(' year urior to lior atltuih'-ion to tlio 
Moatrliort' llo-jotal ia Ai'ril ItMT. rivr tiumtli'i to tlip oii-^ot of t!in pain in 

I.PT tiip-- T-lit' ni'tcMl a j'ainir--. jna--'- in tito left infraciavimlar ropon and slinrtly tlu'reaftcr 
^i!ni!ar nnuM-- in l>ot!i Mijirai-laviniiar arca«. niop>.y of tin- infrarlavinilar ina'^s rcvralcd 
rotirnUitn-r<dl ^ar^otna. 'I'wo month-- lator intra-alxloinitial inaj-^cs ware (linrovcrcd for 



Fig. 3. The patient had received 1115 mp, of testosterone propionate for one month 
prior to admission to the hospital. Xo andropen therapy was administered after her 
admission. Followinp viperous parenteral fluid administration there was a f.all in the sc- 
rum calcium and blood urea nitrogen levels. The low nitrogen level however was not 
sustained but rose until the patient's death (indicated by dagger). 

which the patient received irradiation. Dyspnea and cough developed during this 
period. 

The patient had been given 1115 mg. of tc.stostcrone propionate by her local phj'sician 
during the month prior to her admission. Listlessness and nausea associated with fre- 
quent attacks of vomiting had been present during this month. No testosterone was 
administered during her hospital stay. 

Physical examination on admission disclosed a nontender cervical, supraclavicular 
and inguinal adenopathy, bilateral pleural effusion, hepatosplenomegaly and non- 
tender masses in the abdomen and pelvis. Roentgenologic studies revealed a moderate 
demineralization of all the vertebrae with collapse and anterior gibbus formation of the 
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oiglitli dorsal and erosion nf the body nf the fourth Innihar verfehrae. The patient was 
scinianibulalorj'. 

The scnini caleiurn on admission was IS./i mg. per cent, the H(/N 2IJ mg. per cent 
and the pho.sphorn.s 2.S mg. ])or cent (Tig. '{). 'Phe serum cjilcium rose to u m.aximum 
level of 20.1 mg. per cent on the eleventh hospital day and flic BUN reached a peak of 
GS..S mg. j)or cent on the fifteenth flay at which time the serum phosphorus wjis -l.iS ing. 
per cent and the urea elearanee IS per cent of norm.al. Concmnit.ant with these changes 
there were persistent vomiting, lethargy and oliguria. Ffjllowing intensive therapy 
with j)arcnteral glucose in saline the .serum calcium fell gnulually to .a level of I2.G mg. 
per cent on her twenty-second hospital fl.ay. During this jieriod there w.as also .a tem- 
porary drop in the blood ure.a nitrogen and phosph(>rus, .a moder.ale improvement in 
urinary outjiut and some decro.ase in the toxic; .symjetoms. Itenal insulliciency with a rise 
in BUN .suj)ervencd, however, and the patient died on her twenty-third hospital day. 

PosUnorlcm c.r ami tuition reve.alcrl reticulum-cell .‘■areoma nf the spleen, liver, pancreas, 
right adrenal gland, urinary bladder, tircters, uterus, cervix, vagina find vertebrae. 
There wa.s congestion find edema of the lungs atul markerl dilatation of the stninuch. 
The parathyroids grossly and microsco{)ic.alh- wore not reinarkal)Ie. 

Hi.stopathologic e.xfimination revealed the kidncy.s to be congested, the c.apsidc.s 
irregularly thickened and covered with a hcniorrhagic librinous exudate. There was 
pronounced swelling of the renal ttdudes with numerou.s area.s of vacuolar atul hyaline 
droplet degeneration but no glomerular damage. .Mjiny of the larger collecting tubules 
contained red blood cells and the tubules of the cortex and moflulhi containcfi calcium 
deposits. 

Case 4. (42708) D.S., a 5S-j'oar-old cachectic white woman hiid undergone a modified 
right radical mastectoinj' about five years prior to her admis.sion to the iUontefiore 
Hospital in iUarch 1947. Her chief comjdaints on admi.^sion were pain in the lower back 
and d 3 'spnea. The patient was semiarnbulatorv. Roentgonologic studies disclosed 
massive i)ulnion!ir 3 ' and multijtlc ostco^vtic metaslases. 

Estrogenic hormone in some instances has caused regression of pulmonar 3 - rnetastascs 
.secondar 3 ’’ to breast cancer in eldcrl 3 '- women (1, 2, 3, 4, 5). On this btisis, dieth 3 dstil- 
bestrol therapy, 2 mg. administered intramuscularly three times a day, was instituted on 
AIa 3 ^ 5, 1947. Several da 3 "s later the dose was increased to 5 mg. three times a da 3 " until a 
total of 7S mg. had been administered OA-cr a period of fourteen da 3 "s. Shortly after 
therap 3 ’’ was instituted the patient began to complain of anorexia and weakness. This 
was interpreted as an immediate reaction which occurs frequontl 3 ’’ in the diverse condi- 
tions for which diethylstilbestrol is cmplo 3 'ed. HorvoA^er, Avhefi listlessness and depression 
developed the estrogen therap 3 ’’ Avas terminated. Intensive treatment Avith parenteral 
fluids produced a gradual symptomatic improA’^ement. 

The chemical changes in the blood coincident AA'ith the toxic manifestations are 
shoAvn in Fig. 4. Unfortunately the pretreatment chemical studies are incomplete. A 
hypercalcemia of 16.4 mg. per cent AA-^as found tAAm da 3 ’’s after institution of estrogen 
therapy. A peak of 19.9 mg. per cent was reached fiA^e da 3 "S later and then the leA'^el fell 
precipitously during the remainder of the period of administration of dieth 3 dstilbestrol. 
The serum BUN and phosphorus folloAved a similar pattern. A urea clearance determina- 
tion during this period was 25 per cent of normal. Clinical improA^ement became notice- 
able after Avithdrawal of the drug and institution of parenteral fluid therapy. Subse- 
quently the patient’s general condition remained satisfactory and the serum calcium, 
phosphorus and BUN remained Avithin normal limits. 
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I'lo. 4. There was an elevation of the soriiin calcium and blood urea nitrogen levels 
associated with diethylstilhestrol administration. After reaching a peak these levels fell 
during the continued administration of the c-strogen. A -subsequent episode with greatly 
elevated calcium and blood urea nitrogen levels was i)roduced by a smaller amount of 
the e.strogen and resulted fatally (indicated by dagger). The calcium level, as in the first 
episode, fell during the course of the C-strogen therapy. 


After the levels of calcium, phosphorus and BUN in the patient’s serum had been 
within normal limits for several weeks dicthylstilbestrol therapy was again instituted 
because of persistent pain and dyspnea. A total of 66 mg. was administered over a period 
of twelve days. The urea clearance was 29 per cent of normal prior to the second course of 
stilbestrol therapy. The serum calcium rose from 10.2 mg. per cent to a peak of 24.5 mg. 
per cent within seven days and then decreased during the continued administration of the 
estrogen. The clinical toxic manifestations were similar to those pre-viouslj' described. 




s 


]}. HERRMANN, K. KIHSTEN AND .1. S. KKAKAUER Vohnnc f) 


Vigorous parenteral glucose and salijie therapy was instituted hut the iiaticnt died in 
coma Tn'o days after ivithdraival of the estrogen. 

Poslviorlcm c.vaini7ia({ou revealed anaplastic mammary iulenocarcinoma metastatic 
to the lungs, pleura, thyroid, ])ituitary, thymic area, sternum, rihs, liver, left adrenal, 
periesophageal, perigastric, ])eriaortic and mesenteric lymph nodes, the dnrsolumhar 
vertebrae and the right ilium. 

IIistoi)athologic examination of the kidneys revealed dilatation of the tubules with 
vacuolization and granular degeneratiem of the tubular epitlielium. Nunjcrous areas of 
calcific deposits were found in the tubular epithelium (Fig. Nests of tumor cells were 



Fig. 5. The deeply stained areas are calcium deposits in the renal tubules. 


seen in the peripelvic lymphatics. The thyroid contained many foci of tumor cells and 
numerous deposits of calcium were scattered throughout the gland. The parathyroid 
glands were moderately hyperplastic and composed of small chief cells and occasional 
oxyphilic cells. 

DISCUSSION 

Steroid hormones apparently exert a profound influence on calcium me- 
tabolism. Irradiated ergosterol mobilizes calcium and may produce hj^per- 
calcemia in dogs and in man (9, 10). Estrogens and androgens may decrease 
the urinary and fecal excretion of calcium and convert a negative into a 
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posUivo c:\loiuiu hulimrc in paticjjts wilii nsU'npnrosis fll). Andnifronir, 
horm<MU's may ]n-mhic(' in .'-imu' wonmn rncnliicmtln^ic evidence of enleifi- 
ration in areas of osteolysis seeondary to Ineast eareinoma (ti, 7). 

(trcasionally toxejnia, assoriated with hyia'iealef'mia and a subsetpieid 
a::otoinia. follows the administration of atulro);ens and <‘strot:(*ns to women 
with osteolytic lesions. Four examples of this ijheiunnenon are. reported 
here. In thn'e j'latients there were osteolytie lesions seeondary to tnammary 
eaneer and iti the fourth the ost('olytic lesions were associated with retie.n- 
him-cell sarcoma. It would ajijK'ar that the jwojierty iio<sessed by these 
hormones to proihice hy)ierc;dcemia is not sjiecitic for cases of osteolytic 
mammary cancer. The jnodnetion of hypercalcetnia in jiatients with osteo- 
lytic. mammary carcinoma follow inc; the a<lministration of natural estro- 
gens has been reported (S); b»it this is the first time to our knowledpc that 
this ]ihenomenon has been prochiced by a .synthetic estrofren. 

The hypercalcemia induced by the sex hormones eatised mnisea, vomit- 
ing and dehydration which precipitated the renal toxemia. The excretion 
through the kidneys of calcium mobilized by the sex hormones produced a 
calcinosis of the renal tuludes with progressive renal impairment. Ulti- 
mately the kidney.s were so badly damaged that the excretion of calcium 
and nitrogenous waste products was greatly diminished with resultant 
renal insufficiency. A similar phenomenon has been described in connection 
with the administration of parathyroid hormone (12) and with ergo.storol 
therapy (0, 13, 1-1). It is quite possible that the degree of renal impairment 
present before the institution of hormonal therapy was a factor in determin- 
ing the rapidity of onset of this toxic phenomenon. 

It is significant that the patient (Case 1) who succumbed to a relatively 
small amount of te.stosterone was found at autop.sy to have one hydro- 
nephrotic kidney and calcinosis of the opposite one. Reinstitution of hor- 
monal therapy with smaller amounts of the .sex hormones in Ca.scs 1, 2 and 
4 produced a more prompt and severe toxic reaction than was encountered 
in the first episode. In Case 1 the .second cour.se of testosterone proved fatal 
without producing an elevation of the serum calcium. The increase in tox- 
icity of the hormones noted in successive periods of hormonal therapy was 
apparently the result of cumulative renal damage. 

In addition to pre-existent renal damage a contributor}’ factor in the 
production of the hypercalcemia may be immobilization. Hj'percalcemia, 
calcinuria and renal lithiasis may occur in indi%’iduals who are immobilized 
even for relatively short periods of time (15). Alobilization of calcium with 
the production of osteoporosis is also associated with cachexia. The pa- 
tients described here w’ho developed hjqiercalcemia after sex hormone 
therapy exhibited varjdng degrees of cachexia and were either bedridden 
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or .'^cnu.'tinlnilnloiy. We im>I rnroufil*'n'fl m-k liortnoiH'-irifinrod liypor- 
in .'imhulnlory pnticnl*-. 

ll niny he lo ir.nliri' tlio t)nT/t})fiifir })f)';-;il)ilif ics of the >(‘X lior- 

nioiM’s in the tn'.'itnicnl ol (’.'inrcr njul to rcdiifo the inridcriH* of hypnr- 
(*:d(’(Mnic loNoinia a (awnplicat inn «»f {|ii< {}i(‘raf)y by tfu* jiidirious 
S('l('('(ion of paticnls. Patii-nl.-' uifti urofrcattiuaif hyficrcalratnia pn'forahly 
sliould not r(*cciv(' .'-('N' hoi inunt* tIuMapy. d’ho who ah' hadriddfti or whose 
ivnal fnnrlion is marhodly inipairod siionld In- froafed <’an{ioiis!y, I-’iefinent 
l)lood ('lu’inieal and hidiu'y fnnrlion .''tndirs .vliould Ix' prrfornirfi, Adcfiuate 
{Inid intake should In* inaintainni at all tinu"-. I JslIrssrH'.-.''. nausea, vornit- 
inji and an inenaise in srnun ralrinin or rvidenre of progressive naial itn- 
liairinent should lx* a warning to abandon sex iiortJione therapy. 

In addition to the discontinuation of hormonal therapy there is one 
measure wliieli may Ijc emfiloyefl for the piufjo-'r of redueing the amount 
of ionized ealeium {(hr‘) in the blood ;itid tiding the [latieids over the 
critical period, 'i'his consists in the a<lmitustr;ition of sodium citrate in a 
2.5 per cent saduticjii in .arnoimts of 25f) cr. at four-hour inf('rvals until 
.sym])tomatic imju-ovement is app.arefit (lb). 'I'lds measure achieves its ef- 
fect by converting: the rei.atively insoluble ('.a’ • ions into soluble*, weakly 
ionized calcium citrate ions. 'Phis conversion will tint alter the? total sernni 
calcium values as determined by the convent iomd ;inalytic;il methods l)ut 
vill alter the ratio between the (’a^ * :ind (('a citrat<‘'') ions. Its adminis- 
tration .sliould be discontinued once the .serum c.alcium values liave fallen 
to tlie normal levels. Overdosage with sodium citrate can be avoided by 
watching for the development of a Chvostek reaction, indicative of im- 
pending tetany. 

The intravenous infusion of gluco.se, saliim and of .sodium citrate after 
nitlidrawal of tlic androgen wa.s followed in Cases ], 2 and 3 by the return 
to lower values of the scrum calcium and BUN and alleviation of toxic 
sjnnptoms. In the ca.se of the patient receiving dicthylstilbcstrol the scrum 
calcium level fell and continued lo fall dui-ing the peilod of estrogen ad- 
ministration although it did not return to normal levels during this period. 
Clinical improvement of the toxic manifestations became evident on^v 


therapy. 

SUMMARY AND CONCLUSIONS 

1. In the course of therapy with testosterone propionate and diethjd- 
stilbestrol, four patients, three with osteolytic lesions secondaiy to mam- 
mary carcinoma and one Avith an osteolytic lesion of a reticulum-cell sar- 
coma, developed toxic reactions, associated with hypercalcemia and signs 
and symptoms of renal insufficiency. 
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2. Scvonil (<f tliix' tdxii' cjiisiidc's woro rnrn't'lod hv iho co.^^sution of 
honnonnl Ihorapy and tho inslifuti*m of parenteral tlierapy eonj^istinp; of 
infvisions of saline, phieose and sodimn eitnile. S>il)sc(pienl toxie episodes 
following reinstitution of Inuinonal tlierapy proved irrevendble and had a 
lethal outcome. 

0. All the jiatients sustained renal damage with m^phroraleinosis. 

■J. Tho rationale is jiresented for the therapeutic use of sodium citrate 
r2..o per cent^ infusions for hypercaleemie states such as encountered in 
this study. 

. 0 . Tho hy]ieroalcemic syndrome appears to occur relatively infrequently 
in patients with osteolytic lesions treated with these hormonal agents. Its 
incidence might he reduced hy careful screening of the patient.s siilectod for 
hormonal therapy. .'Several criteria for the selection of appropriate ca.scs 
are suggested. 

.1 cI:noxrlc(l(jmcn(s 

The authors are indebted to Dr. H. M, Zimmerman and staff for the 
pathologic studies and to Dr. Ifiphraim Shorr for his suggestions and advice 
during this investigation. The testosterone propionate (Orcton) was kindly 
.supplied by k)r. Edward Henderson of the Schcring Corporation, Bloom- 
field, Xcw .Icrsey. 
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RENAL EX('RETI()X AND TUBULAR REABSORP- 
TIOX OF SALT IX CUSIIIXCUS SYXDROME 
AFTER 1 XTR A VEXOUS A ]^y\ I X I STR A- 
TIOX OF HYPERTOXK’ SODIU.M 
on LOR I HE* 


.lOSEPH P. KRISS. AND PALMER IL FUTCHER, M.D4 

Frnm //,r I)rp<irlriri:t of IriUnint MnUrinr, Wtifliitglnyi / 'niVf r.'iV;/ Srhnnl of .^friUrinr, 

Snirit Mif^ourt 

O F THE two mcclinnisins by which the kidneys repuhde the excretion 
of salt,’ plonienilnr filtration and tubular reabsorption, chajiges in 
the former have been shown to be of importance in the pathogenesis of 
edema observed in certain patients with congestive heart failure. In such 
patients, Merrill (1) has shown that markedly reduced glomerular fdtration 
contributes to the abnormal retention of injected sodium chloride observed 
by Futchcr and Sehroeder (2). Despite the fact that the rate of glomerular 
filtration is frequently reduced also in patients with Addison’.s disease (3), 
such patients lose salt in the urine to an abnormally great degree. On the 
ba.'sis of this and other c\'idcncc, it .seems likely that deficiency of adrenal 
hormones results in a diminished capacitj- of the renal tubular cells to re- 
absorb s.alt. The reverse cfTcct (increased capacity) has not been demon- 
.strated to occur in that form of adrcn.al hypcrhincWon which results in 
Cushing’s syndrome. Indeed, SofTer cl nl. (4) have observed that when 
desoxycorticostcrone acetate (DCA) and .‘^alt arc administered to patients 
with Cushing’s syndrome, these subjects excrete salt to a greater degree 
than do normal subjects similar!}' treated. 

This investigation was undertaken in order to study tubular reabsorp- 
tion of salt in patients with Cushing’s .syndrome. Observations have been 
made on the influence of an intravenous injection of a large amount of 
sodium chloride upon the rate of salt excretion, the renal filtration rate and 
plasma flow in these subjects. 

METHODS 

All experiments were conducted according to the following standard 
routine: The subjects ingested no food or fluid during the 3-hour period of 

Received for publication Julj' 2, 194S. 

* This investigation was supported by a contract with the Office of ^faval Research, 
U. S. Na%'j' Department. 

t Present address: 536 Mason Street, San Francisco, California, 
t Present address: Johns Hopkins Hospital, Baltimore, Md. 

' In the exposition which follows, we have used the term “salt” synonymously with 
the term “sodium chloride.” 
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ol)S('rvalion and no fond afd'r (> p.in., ihc nifilil iicfnrc. All aid)joc(s (avaepi 
.J, K. (control) \v(‘r(' ho.spitalizcd. Alt oxccpi .t. K. and !>. P. had inf'c.slad 
for at least threes days a noianal <iief supplying apf)roxinia(ely to ”> ( iin, nf 
sodinin chloride daily ((•alcnlat<‘d from content of sodintn) and were allowed 
additional sodinin ehloridi' from a .shalcer as df'.'^in'd, J. K. inui'sted a nor- 
mal, salted diet not. prepared in the hospital. L, P. in^^esled for four days 
preceding the experinuMil a normal, me.'isnred diet supplying |0 (Jm. of 
sodium chloride daily. On the morning of the lest, the glomerular filtration 
rate and the renal jilasma Mow W(>re determined during two sueee.'^sive con- 
trol clearance jieriods of about lo minutes each by measuring the mannitol 
and the par;i-annnohippnr;il<* (P.\II) elear.anees, resfieetively. Solution of 
sodium chloride (O.S.a pm- cent ) inji'cted intravenously at a rate of -1 cc. per 
minute was (he vehicle for (he mannitol and PA 11 infusion. Immediately 
after (ho second eh'aranei* pm-iod had been terminati'd, •100 cc, of 5 per cent 
sodium chloride in water was injiaUed intr.avmiously in about .at) minutes. 
This amount of salt was suflieient to cause an ;i\'erage ternpor.ary increase 
in the ]dasma ehloridi' coneimt ration of about ].‘> ml'a(, pi'r liter. Mannitol 
and PAH concentrations in (he hypertonic salt solution wi're adjusted so 
as to maintain constant plasma levi'Is of these substances. .Measurements 
of renal clearance were made during (he (wo :ipproximat(dy 25-minutc 
periods rccpiired for tlu' infusion of .a jier e<>nt sodium chloride. After the 
li 3 ’pertonic .s.alt solution liad been .administered, (he clear.ance infusion mi.x- 
tnre used for the (wo jjrcliminmy periods w.-is re-institnted and oliserva- 
tion.s made for two or more l.a-mimite clearance jjeriods. 

Urine was collected from !i catheter in.'^erted into (he bladder. Twent\' 
cc. of sterile water followed b}" 20 cc. air wei-e used to wash the bladder at 
the end of each collection period, l^lood samples were drawn from an ante- 
ciibital vein approximatehv at (he midi)oint.s of the clearance periods; 
plasma levels of mannitol, PAH, and chloride at the midpoints were ob- 
tained bj’- interpolation between ob.scrved values. 

Mannitol was determined according to the method of Smith et al. (5). 
Cadmium sulfate was used to precipitate protein from plasma and urine, 
as recommended bj'' Goldring and Cliasis (0). Among factors which were 
considered in performing the mannitol, plasma and urine blanks were non- 
fermentable reducing substances contributed bj" the plasma and urine 
(Factor 1); reducing substances contributed bj'- the j’-east suspension- 
(Factor 2) ; and adsorption or destruction of mannitol by the yeast sus- 
pension (Factor 3). In performing the plasma and urine blanks in the sec- 
ond experiment on F. B., and in the experiment on L, P., all factors were 


2 Starch-free yeast was donated bj’- Anheuser-Busch Companj’, Inc., Saint Louis. 
Missouri. 
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conipensiUod for. No iiriju' hliiiik \v:is 01111)10X011 in llio ollior oxporiinonfs, 
Mild only Factor 1 was ooinponsatod for in porforiniiif: tlio jilasnia blank. 
Dolails of tlio inotliod oinployod for calculation of the mannitol blanks 
will bo prosontod in a ."-oparato report (7). I’.Ml was iiK'asnn'd as rocoin- 
incndod by Smith cl nl. (S'). 'I'lio chloriilo content of plasma was dotorminod 
as do-'-cribod by Van Slyko (0): that of iirim* was measured by the Volhard- 
Arnold technifiue (lOh I ■tine and plasma sodium concentrations were 
measured by the ti'chniqiie of Hutler and Tuthill (1 1). V.-dues for cle.arance 
rates were calculated acconlinp to the method of Mbller rt cil. (12). All 
values for clearance rates and exen'tion r.ates for chloride and w.ater were 
corrected to a standard body surface area of 1.7S sfiuare meters, (lalculatcd 
from the DuBois heipht-weiiiht formula (.FI)- 


SflUKCTS 

Tlie experimental subjects included patients with Cushinp’s .syndrome 
and 3 other subjects who served as controls. None of the control subjcct.s 
manifested arterial hypertension or clinical evidence of renal disca.‘-c. Two 
patients with Cushinp’s syndrome (G. is. and F. B.) had hypertcn.sion. 
Ca.se summaries relating to the i)atients with Cushing’s syndrome are pre- 
sented below. 

G. S., Cushing’s syndrome (Barnes Hosp. 143750): Tliis .'io-ycar-old wliite woman 
was a<iinittc(l Fchniary G, lO-t", because of abdominal swcllinf:. weight gain, reddening 
of tlic .skin. hy])ertension, aTid glycosuria, developing over a 3-ycar ])criod following 
a lo'.'tercctomj- for bleeding. Examination revealed a moon-sbaped face, obese neck 
:ind slioulders, thin extremities and skin, arteriolar iiarrowing in the optic fundi, normal 
x'isual fields, rales, at both lung bases, an enlarged heart, distended abdomen, violet 
striae over the abdomen and breasts, and a blood pressure averaging 170/110. Blood 
counts were normal. Urinalysis revealed a specific gravity of 1.029, and a .3 plu.s reaction 
for sugar. The blood nonprotein nitrogen was 19 and the sugar (fasting) 20.5 mg. per cent. 
The serum albumin and globulin were .3..S and l.G Gm. per cent re.spectively. The serum 
cholasterol was 3S5, jjhosphorus .3..S, .and calcium 11.0 mg. percent. A phenolsulfonphthal- 
ein renal test revealed .35 per cent excretion of the dye in 15 minutes. On Februarj- 17, 
1947, the glomerular filtration rate, corrected to a surface area of 1.7.3 square meters, 
was lOS cc./min. and the renal plasma flow 313 cc./min.; the filtration fraction was 
0.35. The basal metabolic rate was minus 2 per cent. Eumbar puncture revealed an initial 
pressure of .330 mm. of water with a final prc.ssure of 2G0 mm., after removal of 10 cc. 
of fluid. The serum electrolj-te pattern is presented at the top of the next page. 

X-ray examination revealed demineralization of the clinoid process of the sella turcica, 
arteriosclerosis of the pelvic blood x'essels, moderate cardiac enlargement, and sex'eral 
callus-like areas on the left tenth and right fifth, eighth, and elex’enth ribs in the axillarx' 
region. Intravenous pyelograms revealed no abnormalities. The diabetes mellitus was 
moderatelj' severe; 50 units of insulin daily was necessarj' to control glycosuria when 
the intake of carbohj'drate was ISO Gm. A Hickey-Hare test for diabetes insipidus (14) 
performed by Dr. Alfred Kahn on Fehruarj’' 21, 1947, was negatix'e. On Februarj' 19, 
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Date 

C’D: com- 
bining 
power 

Cl 

Xa 

K’ 

(Vunment 


mlMp/l. 

mli(|./l. 

ml‘](|./l. 

ml'ifi./l. 


2/ S/47 

2S.2 

05 




2/15/47 

24.S 

07 

142.7 



2/21/47 

25.S 

100 

142.5 

4.00 


2/25/47 





lixploratorv l.aparotomv 

;i/ 2/47 

.25.7 

S4 




2/ 4/47 

2S.4 

*)0 




2/ 5/47 





KCl, I N dm. per day, ini- 






tinted 

2/ 0/47 

25.0 

05 




2/10/47 

2S.4 

05 




2/15/47 

20 . 0 

102 



K( 2 therapy stojjpcd. 

2/24/47 





“Sail clearance’’ te.st. 

2/25/47 

21 .7 

OS 

145.1 



- . . 






. - . 

.. - 


19‘17, the urinary o.xcretion of 17-kotost<>roicls was 4 mi;, per 21 hours ami that of sodium 
])rof;nanc(liol >;lucuroni(latc was 1 1 mj;. jicr 24 hours.* 

E. xplnratory laiiarotomy was perfuriiu'd on I'chruary 2"), 11)47, hy Dr. Peter Ilcin- 
bcckcr. The subcutaneous tissues were thin, aJid the inusch's were thin and friable. The 
ovaries wore atrophic. Xothinj; abnormal was found in the pajicreas, kidneys, or ad- 
renals. The patient manifested an e.xtreniely stormy postoperative course complicated 
by atelectasis, laryngitis, and partial wound disruption. She gradually improved and 
regained her preojicrativc state. The abdominal wound remained defective, in that tissue 
layers beneath the .'^kin failed to unite. 

F. B., Cushing’s syndrome (Barnes Hosp. 141970): This 20-year-old white house- 
wife had been under observation since December, lO lG, when she complained of gradual 
weight gain, decrease in the amount of hair on her scalp and increase in the amount of 
hair on her face, purple striae, headaches, and amenorrhea; the duration of these symp- 
toms was one year. A jiliysician had noted hypertension. I'A’amination revealed an ohesc 
girl, with a rounded, florid face. The skin showed many i)urplc striae over the buttocks, 
thighs, breasts, and axillae. There were fat-pads over the neck, shoulders and hips. A 
moderate increase in hair was noticeable over the face, the shoulders, arms and legs. 
Acne was jiresent on the face and ui)pcr arms. Male distribution of hair was evident 
over the pubic region. There were no abnormalities of the external genitalia. The visual 
fields were normal. The blood pre.ssurc averaged 150/105. Blood counts were normal. 


* Measurement of potassium was performed in the laborator}' of Dr. Alexis F. Hart- 
mann. 

■* These measurements of steroidal excretion wore made by Dr. Willard M. Allen. 
Ketosteroids were determined on the neutral steroid fraction obtained by hydrob'sis of 
the butyl alcohol extract of urine, employing the metadinitrobenzene reagent. Glucuro- 
nidate was measured by the Allen-Viergiver method (15), which does not specifically 
identify the steroid as pregnane diol. 
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Uriiinl\>i« >^ho\vni a few rr<l roll'; mul whilr rcU*; prr iiowcr fu'Id in flic ‘icdiinciit. 
Iflooil iionjimtcin nilroKcn w.n*. iiormn! :i'- \v«tc flic ^rrllm pmlciti, ralciniii, plio'iplionip, 
rliolcsfcrol aiiil iili«"-]iliaf a'-c. A cliirn^c foloranrc frsf niiployinf; 1 fim. of ^liico'-c jtcr 
kilo, revealed flic Mood Mipar (fa'-fiiii:') fo lie SO ihk. per reiif : lialf-lionr. lO.'i nip.; l-lioiir, 
21.') nip.; 2-lioiir. 200 nip.: ."-Innir. 10.') nip.; and -l-lionr, dO nip. per eenf. .Addifionnl 
rlieuiical data follow; 


Date 

Serum ('(K 
combinim; 
])owrr 

Serum 

rhli'ride 

Serum 

soilium 

1 7-kef os- 
teroid 
exerefion 
in urine* 

Sodium 
pregmuiediol 
glucuronidate 
excretion* 
in urine 


mlCq./l. 

ml'iq. /I. 

mKq./l. 

mg./24 hr.'.-. 

mg./24 hrs. 

1 /17/47 

2S.1 

96 

139.. 8 

24 

33 

4.'12.M8 

30.6 

106 

145.2 

27 

45 


A plicnol.'^ulfnnpliflialein renal fe.-^f revealed -10 per eenf exerefinn of the dye in 15 
mimife.':. TIic urine was concenfrafeil fo a .‘^iieeifir pravify of 1.0112. On .lanuarj" 15, 19-J7, 
the plonierular filtration rate w.as 102 ee./niin., renal blood flow •152 cc./min., filtration 
fraction 0.2.1 and TnieAii 00.0 inp./min., eorreeted to a surface area of 1.73 .'rpiare 
nieter.s. Lumbar inincturc revealed an initial spinal fluid jiressure of 200 nun. of water 
and a final pre.^surc of 2-10 nun. The basal metabolic rate averaped minus 20 per cent. 
Intravenous pyeloprams were normal. On .lanuary 21, 1017, an e.xploratory laparotomy 
was performed by Dr. Peter Ileinbecker. The ovaries were found to be atrophic, but no 
other abnormalities were found in the pelvis, adrenals, kidneys, or pancreas. The post- 
operative course was uneventful. On April .S, 1017, a llickey-IIare test for diabetes in- 
sipidus (14) w.as ne.pativc. Six day.s later the first “salt clearance” test here reported on 
this patient was performed. 

In April. 194S, aside from a slipht weipht gain, her condition was cssentiallj' un- 
changed. The basal metabolic rate was minus 27 per cent. A second “salt clearance” 
test was performed on A])ril 7, 194S. A Soffer test (4) on Ajiril 12, 194S, showed that the 
patient excreted 37.2 per cent of injected s.alt before administration of desoxycorticos- 
terone acetate (DCA) and 17.5 per cent after administration of DCA; these findings 
were interpreted as a normal response. 

L. P., Cushing’s syndrome: Psychoneurosis (Barnes Hosp. 159194): This 16-year- 
old unmarried white girl, admitted on Alay 19, 1948, stated that one 3 ’ear before she had 
noted the onset of amenorrhea, increased appetite with a rapid weight gain of 60 pounds, 
and an increase in hair over the face and bodj'; subsequentlj’ she noted pains in her ex- 
tremities, occasional frontal headache and the appearance of lineae striae. She had been 
treated with desiccated thjToid and with injections, probablj'- containing estrogenic 
material, until six weeks preceding admission; concoraitantlj^ with this therapj'- she began 
to bleed irregularlj* from the vagina. A right mastoidectomj' had been performed at 
age of 10 months. Two sisters were said ti. have considerable facial hair; there was no 
familj' historj’’ of marked obesity. Examination revealed an obese girl weighing 190 
pounds. The wTists and fingers were delicate. There was moderate increase in the hair 
of the torso and the sidebum area of the face. There was acne of the face. There were 



Table 1, Effect of IntravenousTxfusion of 5 Per Cent Sodium Chlohide Solution Upon Renal 
Function of Control Subjects and op Patients with Cushino's Syndrome 


.lOSKPH \\ KlUSS AN!) I'ALMKR U. FfTf'IlKH 


Vifhnnr 9 




UO 



V:'/: 

>vA 

vivi 

,‘.^0 

L‘-’-> ' 

»eO 

r *'* 



•■e o 

o o 



cr*C! 


c. j-i'.i-o c/: tKJ — c ^ 

y cr r: c* r! » - — i:* r • » —* 
•rcif^’rr:r;r:r: 


‘■i. !••■. *•> 



•n. -• 

r- y 


— y o 1 

i 

^ r 1 • V ^ 

y 


y -1 

•jt- 0‘Jf r I r - 1 - 

y y 


\ s 

J lO -t* t • 1 ■« T' 


f. ^ 


v*". 

*0 -2 

- •/; 1 

i 

' w •*' 

•** 

fn — 


f* • , ^ 











u 















i 

7 







1 

x> 

*^«*^*^ *1. 


•« 




! 

CJ 


*r 

-M ’/■ 

/■ — 

f- M* ri 

r: *■* 

r’. c * ; 



•r* c o O r 

T » 1 1 * 




— C :r v* re o ^ I ert* — — — - 
t rj ;r -- c. ? j a t- tu^ « ?i — 

I ■« u: V. :s I O -r c •» C » • v 




<- ; o 

c I c 


— s2ctr o *• r.'-/‘v‘:r!t«rir: 
xxcc — — ^ — c?> — 


;rc c#: i r 

Him i i| 


^ •- j >. « c o •? c c t • f I o — o — T -f y r » c n « o : 

i,ri 2 *Oritic cr. crrii'*r!cv*\'; — 

.oii>o — -«*- c- c’-cco — CO C’-occjo^ r-c-‘0 — — • 


? » •?» T fc : 
r I r I ? 1 ? • “ 




t.'r y r? •• • 
oco —— • 


ucT.Oi^cce o t-s c". o n « o e-^co**: _ C 

c-tfciCtixo OD — — T5 c^tics“^^ ce-rioxv:*- t. 

c:.!M fc »•■; 1 ^ — ffrxcioo circr* — — t fc c > i- o s vo - 


^ O -M X Xf- ^ ^ ! 

: C- *‘‘5 t-* O miners OX 
* — rtr»-rri — 


SOOOOO- OOOOOOOO 0000-~ OOOtlTl- fflOCTiri- ooo^-,-. CCO-<-~ I 


O "T 

t? o o •-^ o •• •?* 
c,rc ^ *•'2 o 6 re 

c-ddod^^ 

w 

H 


cire orej-Ofc'eo 
C‘Jrer 3 ’-r-r»ro«“'; ce-ro CC c^re — r’-^o 


OOOOOOOO ooo ^*■ 




xxo 

ccxoooo 

c» ».e r* o ri 

ddd-‘»-*^ ddd^*-*^ 


c 00 Cs l'- CO 
V, C4 lie >0 Cl C3 CO 


co*fO--o eioo — v-u-jo o o-^oo^ci 
woocicit'-offo c-ir?TXWC3 cc^ — ooo ci^*rO'-*‘0 ot'^rrexc^ Ofert*? 


C.C? CO CO o ci*f c^cec^ci'Tce oi'-'oooo -c^rxcecex cc cs ‘**5 .-« o i** cicicei'*i'-o ce-coooo 


*-< Cl cc •e* ‘le o i-* 05 •-• Cl cc -r »o o 


j'Vi.'eo .-4Cicc-y*feo weicc'r**'?® .-« ci cc ^•'2 O 


'rt.wco’^'^ 
^ CO++ C) 

§'5*;-I o 
feO WcoR 


S 

O S C 

•M ® . o 
R bA< « 
WPWddQ 


« 

Cl . ^O—* 
K *90"^ 
•o c 3 o 

. e°" 1. 

WoP-»:S 

p;z;MioO 


"■S-sgsi 

o 

a? 3^'< rt 
OO^cqP 


r cp: 
r oS 

--S. 5 S 5 C: 

. JsO CJ 

PUWraQ 


£ is 


CO V 

w gA<: o 
pOWcoP 


to „ T “oo 
cnoj 
tc— o^ 

.S'® . E 
p g *>•< « 
pOWedP 



Tin: Kinxr.v ix rrsiiixcrs svxnnoMF, 


10 


Joni.cr;/. 
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pinkihl) on lirc:\'-t>, nrin-; nnd Ics-^. Tlio worn flnt liiif nlunit 10 cm. in 

liiiiim'ior. Tlio liit^lio-l r('<'orri(''i Mi>oil i>rc'Miro wn-; l.'S/ni', on ndini'-'-inn; ^iibHoqncnt. 

ro;idin’^< nvonmcd ICO /TO. Hr. Will.anl M. Allen noted no nlinoriindifie-; of (lie pel- 
vie orc.niis other th.'in sli;:ht enlurteinent of the elitori'^ nnd a .•'inrdl ero'-ion of the eervi.\ 
which hied after manipulation; later, tltirinj: her i-tay in (he ho'-pital. the patient hied 
flichtly from the vauina. lllood rount,*- were normal. The urine eont.ained .a (rare of re- 
dnriim Mile-tance in two of four r.andom ^]u'^in^ell«. I’la'-iua protein and Fcnim e.-ileium, 
phn^iihoru-'. ami alk:dine ]tlu'‘-]di.'ita--e ronrentrations were :it normal levels. The i)lasm:i 
e.arhon dioxide romhininu power wa>- 2f>.0 mlhj. /I.; the plasma ehloriile level was 103 
mlap d.. .and that of ehole-terol 33S me. J'er rent. Oral .admini'-tration of 1 Cim. of rIii- 
eove ]M'r kilo produced the following hlood .>-u(;ar curve: fasting. lO.a ing. jier rent; half- 
hour. 120 me.; 1-hour. 2(''' me.: 2-hour. 222 me.; arid 3-hour. 107 me. jier cent. ItedurinK 
suhstaTire appeared in the urine durine the te-t. ehieosc-in-ulin tolerance te.st con- 
ducted hy Hr. W. Perry, involvine the sinuilt.aiieous oral admini-^tration of 1 Gin. of 
clueiwc per kiln and 0.1 unit of rceular insulin per kilo intr.avenou'-ly. afTceted the hlood 
suear a*^ follows: fastine. 77 me. ]>er rent; 20 minute.^. (nO mp.: 30 minutes-, SI mp.; GO 
minutes. 133 mp.; 00 minutes. l.'iO mp.; and 120 minutes. 1G7 mp. per cent. The h.asal 
metahnlie rate averaeed minus 3 jier rent. Renal phenolsulfonphth.alein excretion w-.a.c 20 
per cent in l.a mimite.=. .After lumhar puncture, the initi.al pressure of the sjiinal fluid 
was 100 mm. of water. The 21-hour urinary excretion of IT-ketosteroids w.a.s S.O nip. and 
that of sodium iirepnaiiediol phicuronidate 31.0 mp.* X-ray examination of the skull 
reve.aled hyi'crostosis frontalis interna; the sella was normal. Intravenous pycloprams 
revealed no indication of ahnormalities of ki<lney.s or adrenals. .\ iisyehiatric consultant 
fouml evidence of a mixed type of psychoueurosis. 

■As supcested hy Ii)r. Willard M. Allen, this jiaticnt mipht well he classified not as an 
examiile of full-hlown Cushinp's syndrome, hut as an example of “pseudo-Cushing’s 
syndrome'' — a term aiiplicd hy Dr. Allen to patients manifestinp obesity, amenorrhea, 
and hirsutism as the essential clinical ahnormalities. However, this patient exhibited, 
in addition, the diminished tolerance to plucosc administration characteristic of Cush- 
inp's syndrome and appeared resistant to the hypoplyccmic action of insulin. 

ItESULTS 

Chloride excretion — Chloride excretion rate.s in .3 experiments on 3 con- 
trol subjects and in 4 experiments on 3 patients with Cushing’s .sjTidrome 
are presented in Table 1 and Figure 1. Prior to the injection of 5 per cent 
sodium chloride, chloride excretion rates were approximately the same for 
all subjects save L. P. ; the latter patient manifested a higher rate of excre- 
tion. Following the start of the injection, 2 patients with Cushing’s sjti- 
drome (G. S. and F. B.) exhibited a much more pronounced and prompt 
chloride diuresis than did the control subjects. Excretion of sodium paral- 
leled that of chloride (Table 1). 

Wafer excretion — Concomitant with the marked chloride excretion ob- 
served in 2 of the patients with Cushing’s sjmdrome, there xvas observed 
increased urine flow (Table 1 and Figure 2). The urine flows in the control 
subjects and in 1 patient with Cushing’s sjmdrome (L. P.) did not change 
markedlj^ during the injection of hj^jertonic salt solution. 
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CHLORIDE 

EXCRETED 



Fig. 1. Rate of renal excretion of chloride before and after the administration of 
hypertonic sodium chloride, corrected to a standard body surface area of 1.73 square 
meters. 

- Renal clearances— All subjects manifested glomerular filtration rates in 
the normal range (6) or close to the lower limits thereof (Table 1). As re- 
ported by others in similar patients (16), the renal blood flow was ab- 
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WATER 

EXCRETED 



Fig. 2. Rate of renal excretion of water before and after the administration of h 5 'per- 
tonic sodium chloride, corrected to a standard body surface area of 1.73 square meters. 

normally low in patient G. S. (see case report) and probably also in L. P. ; 
both of these patients manifested Cushing’s syndrome. There was a tend- 
ency for both the mannitol and PAH clearances to rise follomng the injec- 
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fioi) of sail, hul ('liangf's wow inroitsisirnl ;nul of ahoiR llui same 

magnitude in the controls as in experimental subjects. For example, mIuIc 
the glomerular filtration rate iii the .‘'•ecoml exjKU'iment on l'\ B. rose after 
the injection of salt, a rise of e(|ual magnit ud(^ was o))serve(l in control 
subject. F. I\r. It .‘^et'jned unlikely, llierefon*, that increases in glomerular 
filtration rate in the pati(mts with C'usliing’s syndrome could iiave betm the 
only factor causing tln^ exc(;ssive excretion of salt, 

Tvhulnr rcnb.sor/}t)on of irnlrr ami chloride An atpunpt is juade Ikmc to 
exi)ress chloride excretion rates at comparable rat(^s of glonuaular filtration 
and urine flow in oi-der to ascf'rtain if the obsi'rved dilTercnces in (>xcr(!tion 
may be ascribed to difi’erences in degre(‘S of tul)u};ir reabsorjition. On the 
assumption that mannitol is not naibsorlx'd from the tubules, we have. 


, , ,, uriiu' mannitol concentration 

emploved tlie ratio — . 

plasma mannitol concentration 


designatefl as “man- 


nitol II/P,’' to rei)resent the degree to which tlu' glom(>rular filtrate is con- 
centrated by the rcabsorption of water (Tabh' 1). 'I'ln* higlior the ratio, the 
greater the degree of water reabsorption. As a corollary, any substance 
which is partially reabsorbed by the tubules (such as chloride) is charac- 
terized by a U/P ratio less than the .‘Simultaneous mannitol 1.’/ ratio, the 
discrepancy being dependent on the amount reabsorbeil. Hence, the ratio 


mannitol U/P . 


chloride U/1^ 


is always greater than 1.0; the higher the ratio, the greater 


the degree of reabsorj)tion of chloride. This method of expressing degree of 
chloride reabsorption has the advantage that correction is made for dilYcr- 
ences in urine flow and glomerular filtration. 


Mannitol U/P 
"chloride V/F 


ratios throughout, all clearance j)criods for o subjects are 


presented in Table 1 and Figure 3. Analytical difficulties with the mannitol 
determination prevent inclusion of all values for control J. K. As would be 
expected, this ratio declined in all subjects after the injection of salt. It will 
be noted, however, that the values for the ratio in the patients with 
Cushing’s sjmdroine (G. S. and F. B) dropped precipitously after the start 
of the salt injection and soon reached low levels never attained by the con- 
trol subjects. We interpret these findings as indicating an abnormal^’' pro- 
nounced diminution of chloride reabsorption in the renal tubules of these 
2 patients with Cushing’s syndrome when a large “salt load” was imposed. 


In the third patient, L, P., the ratio 


mannitol U/P 
chloride U/P 


Avas initiallj’' relatively 
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MANNITOL U/P 



5%NaCI time IN MINUTES 
started 

Fifi. 3. Ciiloritle rc:il)?orj)tioii ratios before and after tlic administration of livper- 
tonic sodium chloride. The ratio.s in ijcriods 4, 5, and G in the e\T)eriment on G. s'. and 
in the first experiment on F. B. arc to be regarded a.s maximum value.-^ and higher than 
the true figures. 

low and con.sequentl}’' it.s subsequent fall to very low levels appeared less 
striking. 

It will be noted (Table 1 ) that the mannitol U/P ratio observed in the 
patients with Cu.shing’s s3mdrome became considerably lower after the salt 
was administered as compared to the pre-injection levels. In contrast, this 
ratio in the control subjects showed onl3’- slight decreases or no change as 
compared to the pre-injection levels. We interpret these findings as indi- 
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eating that (ho injection of liypertonic salt, resnltod in an ahnonnally pro- 
nounced diminution of water reabsorptioji in (he renal tubules of the pa- 
tients with Gushing’s syndrome. 

DI.SCUHSIO.N' 

Our findings resemble those of SolTer ct <tl (d) in suggesting that under 
certain circumstances .‘^ome patients witli Cusliing’s .syndrome excrete 
sodium chloride (salt) in larger anuamts than do control subjects, SotTer 
has .suggested that one possible explanation for the increa.sed excretion of 
salt by his patients with Cushi?ig’s .syndrome given DCA, may be conver- 
.sion of the injected DCA into a non-s;il(-retaining, or “salt-excreting” hor- 
mone. Since at le/ist 2 of our 3 i).atien(s with Cushing’s .syndrome exhibited 
a relatively increa.sed diuresis of .salt utider conditions nol involving ad- 
ministration of exogenous DC.-V, such an explanation for our findings is 
inipos.sible. We favor (he po.ssible e.xplanation, for our findings, that in 
Cushing’.s .syndrome there is increa.sed production of hormones of the 
17-hydroxycorticos(eronc (yjie, which, though predominantly “carbohy- 
drate-active,” also have “salt-excreting” elTccts (17), pre.s\imably through 
an inhibition of renal tubular reabsorption of salt. Evidence supporting 
such increased production is the report that in C\ishing’s syndrome there 
occurs an abnormally high urinary excretion of substances thought to be 
21-cnrbon adrenocortical steroids having a ketone or hydroxyl group on 
carbon atom 11 and an hydroxyl group on the 1 7th carbon atom (IS). The 
influence of naturally produced .salt-retaining Iiormoncs may, therefore, 
be overbalanced in the.se patients. 

In patient F. B,, with Cu-shing’s .syndrome, administration of 10 mg. of 
DCA according to Soffer’s technique (4) re.sulted in a “normal” salt-retain- 
ing response de.spite the fact that .she exhibited salt diure.sis during our 
clearance study performed five days previously. The patient had been fed 
a measured diet supplying S Gm. of sodium chloride daily for two days 
before the test was initiated. In this instance, it is po.ssible that the salt- 
retaining effect of 10 mg. of DCA was sufficient to overcome anj^ salt- 
excreting effect of the patient’s own adrenal hormones, Soffer (19) has also 
found that some patients with Cushing’s .syndrome give a normal response 
to the test. A similar variability of response of patients with Cushing’s 
syndrome to salt-excretion tests is exemplified by the results recorded for 
our patient L. P. This patient differed from our other 2 abnormal subjects 
in that the output of chloride in the control peilod was greater; and prob- 
ably, in part as a result of this, the responses to the injection of hypertonic 
sodium chloride solution were less striking. As an explanation for such 
variations in response, the possibly significant effect of variations in salt 
intake preceding the experiments cannot be excluded. Additional study of 
this factor in both normal subjects and in patients is desirable. Further- 
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inoro, it is not t(i lit> oNix'otod llint nil pnlionis clnssiliod ns mnnifcsfiiiR 
‘‘Cusiiinp’s syiulnnuc" nro idontirnl in thnir pliy.-iolopic slnlus. Thus, no 
two of tlu' ihrtH' patients referred to herein ns innnifestinp the, syndrome 
npi>ean'd either on pross inspection or after laboratory investipntion to 
manifest exactly the same disease-corn jilex. 

We have birther observed in 2 cdiese females with arterial hypertension 
that the .^offer tests was pc^sitive f<m ('nshinp's syndrome at the time of 
menstruation and nepative in the same patients in the intermenstrual pe- 
riod.-’ The 2 patients had svdisisted <ui a measured diet supplyinp 8 Gm. of 
salt daily for at least six days before, each test. Durinp the intermenstrual 
and premenstrual periods, the urinary excretion and presumably the blood 
concentration of estropenic substances is relatively great, and at the.se 
times in the sexual cycle there occurs a retention of salt and water (20). 
Salt retention has also been demonstrated to occur following the adminis- 
tration of estrone, a<"stradiol, and progesterone (21). At the onset of the 
menses, excretion of substances of ovarian and luteal origin decreases pre- 
cipitously and there occurs a concomitant increase in excretion of .sodium 
and chloride (20). In contrast to the marked cyclical fluctuations in the 
urinary excretion of estrogenic substances, the excretion of "carbohydrate- 
active” corticosteroids is relatively constant throughout all pha.ses of the 
sexual cycle (22). Hence, during the catamenia, the ratio 

blood corticosteroi d content 
blood estrogen content 

is probably greater than at any other time during the sexual cycle. Such a 
temporary preponderance of adrenocortical influence maj' possibly ac- 
count for the observed positive respon.se to a test for hypercorticoadrenal- 
ism such as the SofTer tc.st. With the rise in estrogen production which 
occurs after menstruation, the hormonal interrelationships may be so ad- 
justed that the salt-retaining cflfects of the estrogenic and luteal hormones 
predominate over the salt-excreting effects of the corticosteroids; at this 
time the Soffer test might be expected to be negative. It is impossible for 
us to explain why DCA produced the observed increased excretion of salt 
in Cushing’s .syndrome (4) and during menstruation in our 2 obese sub- 
jects with hypertension. 

One of our patients with Cushing’s sjmdrome (G. S.) who excreted in- 
jected salt unusually rapidly, exhibited marked abnormalities in the serum 
electrolyte pattern re.sembling those pre\’iously described by Willson, 
Power and Kepler (23). Another patient with Cushing’s syndrome (F. B.) 


® These 2 patients were hospitalized during the course of an investigation of hyper- 
tension supported by the U. S. Public Health Service. We are indebted to Dr. Henry A. 
Schroeder for the privilege of studying them. 
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pxcrclccl injected salt in a similar manner, :ilthonp;h she exhii)iled a normal 
scrum electrolyte distribution. 


Two of our patients Avitli Chislunpi’s .Kvndroim' ((b S. and ¥. lb) under- 
went a test for diabetes insipidus, perf(»rmed aecording to the method of 
Hickey and Hare (M). jiotli inanife.vled a normal aniidiuretie response to 
2.5 per cent sodium chloride solution. Chronically diminished onijmt of 
the antidiuretie factor of the })osterior lob(^ of tlu? j)iluiiaiy, therefore, 
probably does not account for the diuresis of wat(n- and eliloride whicli we 
observed. In this connection, it is of interest that the lest of Hickey and 
Hare resembles in m.any aspects the procedure, which we have described 
under “Alcthods,'’ save that we did not ('stablish the m.arked diuresis in 
the control periods which their test (M) entails. 

As we have already indicated, the diminished dej;re(‘ of chloride and 
water reabsorption ol)servcd in at le.ast 2 of our p.atients with C.Uishing’s 


sjmdromc is very possiidy duo to an imbalance of adrenal hormones or 
hormonal byproducts influencing the renal tubular ejiithelium. Although 
we regard this as the most likely explanation, we hav(; no incontrovertible 
evidence that this mechanism actually occurs. Another explai\ation, wliieh 
we regard as less likely, is that the co-existing !iy])crtensi()n and slight renal 
Ischemia in the patients with Cusliing’s .syndrome so altered tubular func- 
tion as to prevent a normal degree of reabsorption of chloride. We also 
cannot complctel}' exclude the possibility tliat increases in glomerular fil- 
tration rate and consequent increa.scd rate of fiow of the glomerular filtrate 
down the tubules may have been })artially responsible for the observed 
diminution in the degree of tubular rcabsor})tion of chloride. 


SUMMARY AND CONCLUSIONS 

1. The renal excretion of chloride, water, mannitol and para-aminohip- 
purate has been measured before, during, and after the rapid intravenous 
injection of a “salt load” of 20 grams of sodium chloride in 3 controls and 
in 3 patients with Cushing’s sjmdromc. 

2. Following the injection of sodium chloride, the rate of excretion of 
chloride, sodium, and Avater by 2 of tlie 3 patients Avitli Cushing’s syndrome 
exceeded that obserA’’ed in the control subjects. 

3. The increased excretion of chloride and Avater by 2 of the 3 patients 
Avith Cushing’s syndrome Avas accompanied by a diminished degree of 
renal tubular reabsorption of these substances as compared to the controls. 
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Frori Ihr Divifious of Mfdirir<r and Utidiolo^vj of tfr I'vitfrFiiu of f'nlifoniin Mrdirnl 
Fr),ocd and t>,r Tli'jroid ('lioir of tl.r ('nitrrfil’j of (’nliforinn Hofjiitnl, 

Snv Fmortfro, C nlifortiio 

C ARRllCR-l'Rl'RC I'*' li:is Ih'cmi ;i(itniiiis((>rctl by us to p;iticiils with 
Graves' disonso siuco .\ui:ust I'.M-l i» order to study primarily: a) the 
effieieney of P-' as au apent employed to destroy hyporftmetioning thyroid.s 
subtotally; and b) the ujitake of iodine l>y the thyroid before and after 
those .\vmptoms of hyperfunetion of (he thyroid assoeiated with Graves’ 
disoa.ee have been relieved (1). 

Up to (he time of writing this summary. OS patient.s with Graves’ disea.ee 
have been studied and sufficient data are availal>lc to permit reporting 
rc.eults in -10 patients. All the.ee patients had undoubted Graves’ di.«ea.ee 
varxnng in degree from mild to severe: the majority had moderately en- 
larged thyroids, moderate hyperthyroidism and (with one exception) no 
nodules in the thyroid. In the initial pha.ees of this study, small (250 micro- 
curie.e) dosc.e of radioactive iodine were given at weekly intervals; later 
more adequate single doses of 1000 to 4000 microcurics were given and re- 
peated as noce.ssary up to a total dose as high as 10,411 microcuries. 

Prior to the studies on humans, the cfTects of 1“' were studied in animals. 
Three hundred microcurics per kilogram were injected subcutaneouslj* into 
rabbits and dogs. At the end of ten daj's, the rabbit thyroids showed ex- 
tensive necrosis, hemorrhage, polymorphonuclear infiltration and arterial 
changes. By the twentieth da}’ other rabbit thyroids still had polymorpho- 
nuclear plus eo.sinophilic and lymphocytic infiltration, healing vascular 
changes and fibrosis. At the end of thirty and fortj’ daj’s, further fibrosis 
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had occurred; (he (liyroid liad dcc.roascd approxinudely 50 per eeni. in size; 
and arteries had intinuil and medial fii)rosis, thiekenin}!: and })eri vascular 
fibrosis. Only a few (lueslionably normal acini rem.aincd a I the poles. Dog 
thyroids removed forty days after HOO mieroeuries per kilogram of 
.showed .similar changes ajul after one hundnal days the thyroid of one dog 
was practically completely destroyed. One rabbit showed fiamage in the 
renal tubules but the other glands of int(‘rnal .secretion, the trachea, bone 
marrow, liver, spleen, lymph iiodes, ki(lni>ys and jK'ripheral blood counts 
were normal (2). Ihirker (3) in naamt b»it unpublished work has not found 
this degree of change in the thyroids of rats sacrificed three to six days 
after being given 350 microcuries per kilogram of J''': the explanation 
though not. yet clear i)robably is related to (he amount of iodine in (he diet 
of his animals and a lower ujhake of iodim' by their thyroids. More re- 
cently (4) rabbits were given 500 microctiries of I*'* j)cr pomul orally and 
five days later up to 4000 microcuries ))er ])ound orally and were sacrificed 
at the end of four weeks. 3’he rabbits’ thyroids were i)artially or completely 
destroyed and in addition, tracheal and renal tubular injury were appar- 
ent; no other damage was demonstrable from gross or microscopic exami- 
nation of (issues. Gorbman (5) has u.sed do.ses of 3— J and up to 50-55 
millicurics of in mice and found 00 per cent destruction of the thyroid 
and 100 per cent destruction of the parathyroids at the end of one hundred 
and twenty days even with the lower dosage. Dengt Skansc (0) has .shown 
that do.ses of (50 mieroeuries or le.‘^s ) definitely decroa.se the ability of 
the chick th3Toid to take up iodine. It should be pointed out that the largest 
single dose of P''” (measured as mieroeuries per Kg. of bod}' weight) ad- 
ministered by us to a patient with Graves' disease is one-fourth as large as 
that required to destroy subtotally the thyroids of normal rabbits (without 
injuring other tissues) and one-fortieth the dose that destroys the para- 
thyroids of normal mice. As regards total dosage to patients, one-seven- 
teenth of the dose that destroys the paratliyroids of mice is the largest 
amount given to thyrotoxic patients at the University of California. 


UPTAKE STUDIES 

The maximum amounts of P^^ taken up by the thyroids of 48 patients 
with Graves’ disease varied from 12.5 to 92 per cent of an orally adminis- 
tered dose before any treatment, Avith an average of 61 per cent. The 
loAvest figure Avas found in a patient in partial remission. In patients treated 
Avith Lugol’s solution or Avith one of the thiouracils or Avith both, the up- 
take A^aried from 22 per cent to 70 per cent and aA^'eraged 48 per cent. 

In order to determine the uptake of radioiodine per gram of thyroid 
tissue, the size of the thyroid Avas estimated by palpation. In the past it has 
been the custom in the Thyroid Clinic of the University of California to 
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paljiato the lliynml (■ajrfiilly pn'oporalivcly, n'roni tli(> wcifrlil as rsli- 
jnatt'ii hy ll)(> rliniriaii aiul lliis \\illi tlial of Ou* lliyroid 

tissue' ronuna'tl at opt'iation. MIk' same individual (M. 11. S.) who has 
ostiuv.\toel tho wvi^hts in jnetivuts tivatod with vadioiodino has also ox- 
ainiiu'd vnon^h thyroids in surpirally treated jiatients to obtain some ap- 
praisal of his aoruraey. ’I his was d<»ne as follows: sur^e(»ns doiiif!: subtotal 
thyroideeteunies me;isured the amount of thyroid tissue h'ft in silu after 
a Ilalsted type' of operatitui by ruttinp Ji jueee of the removed thyroid 
tissue eepial in sir.e to the tissue left in the patient. 'I'he total removed tissue 
was weiphed durinp the pniss examination of the siieeitnen by the pathoio- 
pist and the weipht of the small amount of tissue eorresjKUulinp to that left 
in the j);itient was addeel to pive tin' tr)lal ne'ipht of the patient’s thyroid. 
This aettial weipht has been eomjiared with the elinieally estimated weight 
in 7-1 patients with toxic poiters. 'I'he results of this study indicate that this 
particular observer fM. II. S.) has in two-thirds of these 7-1 jiatients ranged 
in his estimates from 21 jier cent below the actual weipht to HI jier cent 
above: 115 jier cent of his estimates ranged from 42 jier cent below to 31 per 
cent above the actual weights. In terms of weipht of thyroid tissue, the 
error in GG per cent of patients varied from 13 grams below, to 7 grams 
above the measured weight : while in 95 jicr cent of the patients the range 
of error was between 23 grams below and 17 grams above the confirmed 
weight. AYhile this degree of accuracy was disappointing, it nevcrthelc.ss 
probably repre.^ents the accuracy to be expected from a con.scientious ob- 
.servor. In only 25 per cent of patients were the estimates within 10 per 
cent of the actual weight. 

The weight of the thyroid and the amount of radioiodine in the thyroid 
must be known in order to determine the radiation to the thyroid. Also 
ob\'ious is the necessity of recognizing errors in : a) the ir.ea.surement of the 
millicuric, b) the measurement of the uptake of radioiodine by the thyroid 
in situ, and c) the estimation of thyroid size. The latter errors have re- 
ceived too little attention. The methods used in measuring the millicurie 
and the uptake of radioiodine in sitn have been described pre\'iously (1). 

The concentration of per gram of thjToid tissue was calculated in 
44 patient.s, and ranged from 21.3 to 247.8 microcuries per gram with an 
average of 77.7 microcuries per gram. Twenty-seven of these patients were 
in the group classified as ha^^ng had a satisfactory’’ response, yet the varia- 
bility of uptake was tremendous since the lowest uptake measured 21.3 
and the highest 143.5 microcuries per gram of thyroid ^yith the average at 
95.2 microcuries. One patient who was not normal at the end of a year 
after a total dose of 9750 microcuries had an uptake of 247.8 microcuries 
per gram. At the other extreme, two patients who developed frank my’xe- 
dema had an uptake of 43.5 and 47.5 microcuries per gram respectively. 
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Tims the cviclonco. prosonfcd iiulicnfos (h:i( inniiy Oiotors othor Hum Hio 
conccntr.'Hion of 1''” arc aclivc iti dctormiiutip: Hie. amount of I''* ncc.dod 
(o produce! a satisfactory r(!niission in a patient with (Iraves’ disease. 

iu:siu/r.s 

A patient, is considered to luave responded satisfactorily to Irealrnent by 
if within approximately four months the sif^ns and syitiptoms of thyro- 
toxicosis liavo disaj)peare(l, the thynud has returned to normal size and the 
basal metabolic rate, l(!vel of s(!rum protein-bound iodine and otiier labora- 
tory tindings are. within normal limits. I’orly-two j)atients fall into this 
category. The data are summarized iti 'I'able 1. C’omplete data on the first 
25 of those patients hav(! been published (1); the added 17 i)atients differ 
in no material way from the original 25. 

Taui.i! 1. SATisfAeTouv Iti'.sri.Ts <»r 'rinaiAev i.v -12 Patu;nts 
WITH (iiJAves' DisCAsr. (l/Hi/ts). 


lU-forc 

(rcatiiiciit 


.•\fter 

treatment 


nietabnlie rate plus 27 . Ttf,* minus (5.7% 

Protein-hound ioriine (.‘'•eriini) t).7 mierogram.s % 3.2 rnierofTrams % 

Estimated weijiht of thyroid 29 j'rams 12 gram.s 

Total dose 3017 mierneuries 
Time to return to normal: 3.35 months 


* Alcan values. 

Four patients fail to satisfy the criteria for a satisfactory response in the 
sense that the interval between the beginning of therapy and the return to 
normality was prolonged, as shown in Table 2. These four patients had 
larger th 3 ’’roids, more severe h 3 'perth 3 ’’roidism (as measured bj’' their clinical 


Table 2. Slow Re.sults of I”' Thkuapy in 4 Patients 
WITH Gii.u'es’ Disease (4/19/4S). 



Before 

After 


treatment 

treatment 

Basal metabolic rate 

plus 47%* 

minus 4% 

Protein-bound iodine (serum) 

12.9 micrograms % 

5 . 8 micrograms % 

Estimated weight of th 3 '^roid 

38 grams 

15 grams 

Total dose P’’ : 4838 microcuries 

Time to return to normal: 14.5 months 




* Mean values. 
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Ivisnl nn'tabolir r:>tos :\iui H'nuu profcin-bomul iodine) :in(i recpiirod 
b\r}:or doses of rndioiodine ;is well :is longer lime to return to nornnil. 

In addition to the -b) initients described in 'P.ables 1 :ind 2, two more were 
subjected to subtotal thyroidectomy. One was done because of poor co- 
operation and the otlnw becausi' (tf a i)o<ir response to radioiodine therapy 
and subsecpient evidence that she had a nodular poiter. 'rhree more jia- 
tients have not returned to normal and eventually if and when the}* do 
rot\irn to normal, will be classified as “slow rt'sininses”; five have not rc- 
ttnned to the clinic snfiiciently often m»r recently emniph to allow adequate 
appraisal. One more has become prej^nant so that determination of her 
status in any precise way is difficult. Finally, 11 of our fiS ])atients have 
been followed for too .<hort a time after therapy to allow proper evaluation 
at this date. The slow results and failures c:m be accounted for in the main 
by our too conservative dose sched(tles in the early days and inability to 
obtain enough radioiodine to give as large doses as were tlunight necessary. 

Some of the clinical and laboratory findings in these jiatient-s were of 
interest. Not infrequently tenderness in the thyroid region was noted 
within twenty-four to seventy-two hours after I'"' had been given. It was 
sometimes noted spontaneously by the patient and was nearly always ap- 
parent on paljKition, especially when 2000 or more microcuries were given 
in a single dose. During this period of tenderness in the thyroid, the blood 
sedimentation rate increased to as high as 35 mm. (Wintrobe); also the 
protein-bound iodine rose temporarily and was sometimes associated with 
an increa.se in the signs and symptoms of hyperthyroidism between the 
fourth and tenth days. 

The eyes of 47 patients were measured with a Hcrtel (Zeiss) ophthal- 
mometer in order to record changes in prominence during and after radio- 
iodine therapy. There was no significant change in 31 patients. In 12 pa- 
tients an increa.se of 1.5 to 2.0 millimeters wa.s noted. In 4 individuals the 
increase in exophthalmos was greater than 2 millimeters and actually was 
5 millimeters in one; three of the four were cla.ssified as having severe pro- 
gressive exophthalmos. The 3 patients with severe exophthalmos were 
treated with thyroid to tolerance, and in one there was a regression of 1 
millimeter in the right eye and 2 millimeters in the left eye after a period of 
nine months. Thus 66 per cent of patients showed no change in the promi- 
nence of their e^'es, 25.5 per cent showed a definite but minimal increase, 
and 8.5 per cent had a marked increase. In our experience an increase in 
exophthalmos occurs less frequentlj”- than in surgically treated patients and 
more frequentlj' than in patients treated with x-ray. The significance of 
these findings must a\\ ait further experience. 

Fifteen patients who had had Graves’ disease had uptake studies re- 
peated after therapy with T’k The results in eleven of these patients were 
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Avilhin Ihc norinnl niiigo, wiili :ni jivcr.'igo iijilMkc of Kj.fi per (’(uif of .'i (c.s( 
dose of (range: 2,0 to 2,o per eeni). Four patients wlio liod been treated 
and Avho Avcrc in the lower normal range as reg.'irds their th^vroid status, yet 
who could not be defined as having frank hypolliyroidisni, showed an in- 
teresting phenomenon in that their thyroids took uj) .'I, -It), •}(), and 7o jjcr 
cent, respectively of a test dose of P^‘. A j)ossibl(> e.vplanation of the high 
uptake in .3 of these ])atients is that so much of the thyroid h;id })een de- 
stroyed that the small renmant was oA'erfunetioning in the sense of utilizing 
more iodine in an attempt to produce enough thyroid hf)rm()ne to m.'unt.'iin 
the patient in a normal thyroid state. 


(’OMl’LICATIOXS 

Two patients became myxedema t(»us after tlu'rapy. 'J’he first was a 
woman with onlj- jnoderate liyjierthyroidism wlu)se basal imdabolie rate 
was j)lus 2G })cr cent and serum protein-botjud iodine ft.G mierograms per 
cent, whose estimated 25 gram thyroid took up -It) ju'r cent of her thera- 
peutic dose of 2250 microcurics of P'b 'J'he second patient was a woman 
with somewhat more miirked hyj)erthyroidism with a basal metabolic rate 
of plus 3S per cent and serum protein-bound iodim' of O.t) micrograms per 
cent, whose So gram thyroid took up 75 j)er cent of her thera])eutic dose 
of 4000 microcurics of P^b Both jnitients develo])ed my.vedema a few weeks 
after therapy, in the same manner as does the patient with treated mj-xc- 
dema who exhibits symptoms and signs of recurring myxedema when 
thyroid therapy is discontinued. Tlic doses of P"‘ of only 4.3.5 and 47.5 
microcuries of P''’* per gram of thyroid respectively were ajjparcntly large 
enough to inhibit com])Ictely tiic production of thyroid liormone. Not 
enough time has elapsed to permit us to be sure that the dostruetion of tlie 
thyroids in these two patients is complete and permanent or whether some 
function will be regained in the future. 


COMMENT 

Disagreement still exists among groups of Avorkers using P^‘ regarding 
selection of patients for therap}", dose to be employed and the adAusability 
of a single large dose rather than seA^eral smaller doses (7, 8). Differences of 
30 to 50 per cent or more in the measurement of aliquot fractions of P®^ 
persist from one laboratory to another. Only time Avill permit resolution of 
some of these problems and eA^en then there Avill i-emain different but ade- 
quate doses and dose schedules. 


SUMMABY 

The results of treatment of 46 thyrotoxic patients Avith radioiodine OA^er 
the period from 1944 to 1948 are presented, in Avhich there Avere 42 satis- 
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fnottiiy n'>iions('s rmd I uiisntisfartoi y rcspcuiscj--. 'I'ln; arc fell lo he 

due U) a etui>ervalive a]i]n(iael> (<» (herapy iu file early jiliases of (he sfudy. 

Animal eNjicrimentaiion has hiam earrii'd on to determine the effects of 
massive d('''es of 1'“'' upon (issues surroundinp (he (hyrtiid, and (he pa(ho- 
loiiie changes have heim de.-erih(Ml. K has been found (ha( upwards of forty 
times the maximum therajicutie fhr-e (iti mieroeuries jier kilofrram) used 
in humans i'; repuin'd to produce s<‘ri(uis damage in eon(ip:uous structures 
in miet' and rabbits. 

The ujitake of radioiodine by the thyroid in untreated (Jraves' disease 
was found to average (il )i(>r etmt. whereas in (he treated jiatient it aver- 
aped Kt.f) per cent. ’I'lien* ;t)ii)(\'irs to lx* a p.'ir.adoxical lack of correlation 
between elinieal ri'Sponse to treatment and th(' number of mieroeuries per 
siram delivered to the thyroid. 

I'"' in doses of 2 millieuries or mon* caus(‘s clinical and laboratory 
ehaniies that jioint to tissue destruction (thyroid). After therapy with I’’* 
exophthalmos juocre.sses k'ss than in jiatimits treated by subtotal thyroid- 
ectomy and more than in jiatients treated with x-ray. Two patients in thi.s 
series deveto]H'd myxeilema. 


<’ON‘cnt;.sioN.s 

Radioactive iodine (P'') iti adecjuatc dosage will destroy subtolally the 
hxTierfunctioning thyroids in jKitients with Gravc.s’ disca-'-c and thereby 
produce usually a satisfactory remission of the symptoms and signs of 
In-jicrthyroidism. Further studies ultimately will disclose its place in the 
therapy of Graves’ disease. 
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DEVELOPiMENT OP ])IABETES MELLITUS 
IN ADDISON’S DISEASE 


CASIC KICPOHT WITH AUTOl’SY 

ABBIE I. KNOWLTON, AI.D. axd BOBEIPJ’ A. KIUTZLEB, M.D. 

I'rom (he Dcpni'tjnriit!^ of Medic{7W fi7u} J’othoUxjit, College of Pli!ii7iriit7is nud S 7 trgro 7 \R, 
Coht7iihia r«(V(T.<u7;/ a7id the Preshii(er7(t7i lloT^pilnl hi the Cili/ of Xnt' Tori: 


T he occurrence of i)o(li ndreiuil cor<ic;il insuflicieiicyniid ilinbcies inel- 
lilus in Ihe H.-nne individnnl is j-.-iro; leporls of only hvenfy-lwo such 
instnneos arc available. Each of Ihesc di.seases is assf)ci.'i(ed vilh abnormali- 
ties in carboliA'drale metabolism in some rcspocis antagonistic to the other 
and consequently th(^ .simulta?icous occurrence of the two is of considerable 
interest. 


In the rei)orts reviewed, diabetes was established in the majority of the 
patients before the development of Addi.son’s di.'-'ea.'^c. (1-~12). In four, how- 
ever, both di.sen.‘-cs were recognized simultaneously (}3~]0), wliilc in three 
othcr.s, (17-19) the adrenal insuflieiency antedated the api)earnnce of dia- 
betes. 


The presence of adrenal cortical hypofunction froquontbv alters the co- 
exi.sting diabetic state. A number of the.<e patients are reported to exhibit 
an unusual sensitivity to in.sulin (I, 3, 5, S, 13, 14, 1,5, 18, 19) such as is 
characteristically found in Addison’s disease alone. Severe hypoglycemic 
reactions are commonly mentioned and, in those patients with pre-existing 
diabetes, a fall in insulin requirement frequently follows the development 
of hjiDoadrenali-sm (4, 6, S, 9, 10). However, in one instance, the daib’’ 
dosage of insulin is reported unchanged (7), following the appearance of 
adrenal insufficiency and in ten others, either insufficient c\idence is pre- 
sented to establish this point or no reference is made to this problem. 

The effect of adrenal i-eplacement therapj’- on the coexistent diabetic 
state varies with the substances employed. I^Oien desoxycorticosterone 
acetate (DCA) has been used, no change has been reported. This is con- 
sistent with experimental evidence indicating that this steroid plays a 
negligible role in carbohj^drate metabolism. On the other hand, the avail- 
able evidence indicates that extracts of the whole gland and more strildngly 
the C-11 oxy-steroids may lead to an increased glycosuria and possibly 
greater insulin requirement in the diabetic Addisonian patient. The first 
report suggesting this action of the whole gland extract is Le^T-Simpson’s 
in 1932 (14). His patient entered the hospital in a state of adrenal insuffi- 
ciency with hypoglycemia and the underlying diabetic state became ap- 
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]i:iront «»ily nftcr ninotiMMi tlnys (if ntlrcuMl corlicMl (’xtraci tluirajiy. Ilow- 
ovor, tho ini'roaj^i'd fciod iiitak(’ due to eoiilrnl of IIk’ adrenal insuflieieiiey 
may also have been a factor hen*. Later, I’loomtield (■}), Ibekel (S) and 
Bowen. Koeiif, Bissell and Hall ((i) noted hi^:ller blood sujiars dnrinp; fast- 
inp when their jiatients were reeeivinp extracts of whole adrenal pland than 
when DC'A was emjdoyed, and SolTer (12) thonpht that the insulin re- 
tiuiremenl of his jialient w;is preater under similar circumstances. 'Phorn 
and Clinton (IS) and Sprapue and co-workers (11) observed a marked 
increase in plycosuria and nitropen exeretion followinp the administration 
of 1 l-d('hydro-17-hydroxyeortieosterone (comjmund 10), and in addition 
the latter avithors rejmrtinl similar thouph k'ss strikinp responses to hog 
adrenal extract (lipo-adrenal cortex) and in one instance to 11-dcliydro- 
corticosterone fcomjmund .\). 

The present report concerns a third patient in whom diabetes mcllitus 
with .striking insulin sensitivity appeared two and one-half years after the 
diagnosis of Addison's (lis(‘asc was established. 

(WSK UISTOUY 

E.G. Wit'i a 22-yc.'ir-<il(l single wiunna who was fir.-t admitted to tlic Presbyterian 
Hospital in .Inly 10 12 for ovalnation of susperted Addison's disease. Her initial syinjitoins 
appeared six years previoti'^ly, at wliirti time .she liegan to have lionts of nausea and 
vomitinc occasionally accompanied hy faintinc during her menstrual jicrinds. It was 
not until tlirce. years later ttiat incrcasiup piKincntation of tier skin liccoinc evident, 
and in the ensuing year she liecame aware of incrcasinp falisiuability and a decrease in 
appetite which led to a 7-i)nund weight loss. One year before admission to this hospital 
she went to the Mayo Clinic, where a Cutler-Powcr-Wildcr test, though somewhat 
equivocal, was on the whole in keeping with the diagnosis of Addison’s disease. Subse- 
quently the addition of 10 grams of sodium chloride a day to her diet led to a definite im- 
provement in her symptoms. 

There was no history of known exposure to tuberculosis. It is of interest that a 
paternal aunt died of diabetes. 

Physical Exnminnlion: On admission in July of 1942, she was a thin, intelligent 3 ’oung 
woman who looked chronic.alh' ill. There was a diffuse iniukh’ pigmentation of the skin, 
a few inkj’ black moles, and there were bluish spots on the gums. Her blood pressure 
was 9.5/G.5, temperature 99. S° and luilse S-l. The heart was not enlarged; the regular 
rhj^thm was interspersed with runs of cxtrasj’stolcs. Tiic remainder of the phj'sical 
examination revealed nothing abnormal. 

Initial laboratory findings: Hemoglobin 14.5 Gm. per 100 cc.; red blood cells 4,360,000; 
white blood cells 5,8.50; polymorphonuclcars 52 per cent, lymphocj’tes 38 per cent, mono- 
cj’tes 4 per cent, eosinophilcs 5 per cent, basophiles 1 per cent; erv-throcj'te sedimenta- 
tion rate 17 millimeters in one hour. 

The urine specific gravitj' was 1.017; there was no albumin, glucose, acetone or diacetic 
acid and no formed elements microscopicallj'. 

X-raj' examination showed a normal chest and skull and no evidence of calcification 
in the adrenal area. 

A tuberculin test was negative in a 1:100,000 dilution; the basal metabolism was 
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minus M per cent; LM-lmur oxfUTtimi of IT-lmfosfcroids in tlm urino was Ko ni^.; and an 
clcrlrocardiograin slion od no ovidoiuT of lioaid niiisclc* fl;ifiiap;c. 

Tim soniin nonjirotcin nitrogen was 37 niK, prr rent and total jtrofein, 0.2 Gm. per 
cent; blood sugar (fasting), SO, iSO and 7d mg. jier cent on tlirec separate occasions; 
serum carbon dio.vide content. 27.-1 tuMq. per liter; serum chlorides, lOn.ti mMri. per liter. 
The calculated concentr.ation of ser»im sodiutn was 13K jul'a]. per liter, aiul the direct 
gravimetric serum sodium, 137.7 mlC(i. i»er liter. 

Cour.ee: ^^'hen pl.aced on n regimen of .s.alt restriction, she lost 2 Icilr»grams in five days 
and bec.'ime anore.vie, weak and dizzy. The blood pressure fell to 7r>/.')r> and the serum 
sodium (gravimetric) fell to 132..') mlMp per liter. With this evidence for adrenal cortical 
insuniciency she was then given deso.xyeorlicosterojie acetate (DGA). by subcut.aneous 



Fig. L Blood sugar curve following an intravenous glucosc-tolerance test with subse- 
quent 24-hour fast. Urine gIuco.se (0 to -b + -b -f-) at 0, 1, 2, 4, S, 10, 12 and 24 hours is 
shown direct!}' beneath corre.sj)onding blood sugar values. 


injection. In a week and half .she g;dned 3 kilograms and was discharged taking 4 mg. 
a daj' without added sodium chloride. 

Over the next fifteen months her general condition was satisfactory and serum elec- 
trolyte values were maintained within normal limits on the aboA-e dosage Avith an un- 
restricted diet to Avhich 4 grams of sodium chloride Avas added daily in the form of 
enteric-coated tablets. A postprandial blood sugar, three months after discharge, AA'as 07 
mg. per cent. TiA'eh'e months later, she reported she had had a iveak spell associated Avith 
mental confusion, Avhich responded promptly to administration of orange juice. Because 
of this her blood sugar Avas again checked tA\'o months after this episode and AA'as, sur- 
prisingly, found to be 308 mg. per cent. With this she had a soA'cre glycosuria (4 plus) 
though no acetonuria. 

In the ensuing three months she aa'us admitted to the hospital tAvice for regulation of 
the diabetes and during this time the follondiig studies ivere done; Initially she was 
given a diet containing 140 Gm. carbohydrate, SO Gm. protein and 65 Gm. fat. She re- 
ceived no insulin and the daily amount of glycosuria Avas determined. On day one, 71 
Gm. of glucose was excreted; on days three and four, 94 and 91 Gm. respectively. A 
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Mi'inl "tiCMr, tliiriiiK (n'-lim:. I'H tlii' iiuirnim; nf tliiv regimen 17 ) inj;. ])Or 
ci'nt. In ‘•I’ito nf llin ^(-v^■ri!y nf thr ;;lyriiMiri:i, a ‘Jl-lit)ur fa'-l witlunit insiilin rcMiUrd in 
a lii-api'raraiirn nf hoth clym-nria and Itypt-r^lyrcinia (I'ii:. 1). 

In alvomptinn mcnlatinn nf Uic diaFctn^ it wa- fnund thu( fx(ra<irdinarily !<inall 
anunint' nf inviilin were Milfirirnt tn mntrnl tlio lioavy ^:ly^l'^llria and lliat an additional 
I nr tinit-; roMiiinc! in iiypnclymniir npi--<id(".. Tims, ■! nnit'- of !-(andard insulin 

civnn lH'l<(r(' Urrakfu'-t and liofnro supper \va>- sulUtncnt to maintain adtapiato control of 
tlic diaketo- on a diet nf I'.Mt Ciin. rarUnhydratr. 10(1 fim. protein and SO Clrn. fat. 

Duriim tkF ."-month ju rind, her clinical condition riunaincd pood .and, with the cx- 
rc]>tion of a drop in sodium to l.'il.'.i mlap jicr liter dnrinp the jieriod of severe plyco- 
suria, her serum electrolyte-- rcmaine.i norma), and tlic maintenance do^c of .'f to .a mp. 
of IK'A pin-- - to -5 (Ijn. <if -odium chloride was eontinned. 

After tin-, her third admi--io!i. she remained in fairly pood he.'dth for (he next two 
years, thouch m-ver stmnp enouph to do more than help out with the liphter chore.s at 
home, .'^he maintained the same iliet and her itisulin retpiirements varied from 2 to 0 
units twice daily. In oriier to reduce the mimher of <laily injections, her adrenal disease 
was controlled durinp this period with suheutaneous imjilantation of jx-llets of DCA, 
inserted :it apjiroximately yearly interval-. In the course of these two years she was 
hosjiitalired five tinn-s for intercurrent infections or for I)(k-V jiellet implantations. 

Her final, and nititli, admi-sion was in .lannary lO tti for an acute illness of twelve 
hour.-' duration hepinnim: with sore throat, weakness, chills and fever. Her temperature 
on arrival was Hki.‘2^, jiulse 1(10, re-jiiration.s l.S and blood pressure ()()/.5.a. She was 
acutely ill, letharpic and dehydrated with evidences of a mild ujiper res]iiratorj’ infec- 
tion. The jiharynx was not acutely inflamed. Aside from the jireviously observed pig- 
mentan.' chanpes, the re.-t of the idiysical examination was entirely normal. 

Suhrcquciti Inhorntory fmdiuga: Hemoplohin 12 Clm. per 100 cc.; red count 3.300,000; 
white count 17,000; jiolymorjihonuclcars 7."> per cent, lymphocytes 21 per cent, mono- 
cytes 3 per cent, l)nsoi)liilc.s 1 per cent; erythrocyte sedimentation rate 00 mm. in one 
hour. 

Urinalysis showed -1 plus plucose, acetone and diacctic acid, but was otherwise 
normal. 

Tlic blood sugar level (faslinp) was -{-M nip. jicr cent. The serum carbon dioxide con- 
tent was 23.1 mEq. jier liter; serum chlorides 95.-1 niEq. per liter; serum urea nitrogen 1 1 
ing. per cent; the calculated scrum sodium 12S.5 mEq. per liter. A throat culture showed 
hemolytic streptococci but the blood culture .-howed no growth. 

The course of her disease during this admission, with essential laboratorj- data and 
therapy, is outlined in Figure 2. When seen initially she was in a state of acute adrenal 
insufficiency .and from this aspect her condition continued to be precarious for the first 
seventy-two hours, with profound shock, hyperpyrexia and accomp.anying decreased 
concentration of serum sodium. During this period she developed generalized muscular 
rigidity, sufficiently marked in the nuchal region to indicate a lumbar puncture. The 
results, however, showed a normal spinal fluid. To combat the adrenal insufficiency, she 
was given both DCA and aqueous whole adrenal extract as w*ell as supportive measures 
in the form of whole blood, plasma and saline infusions. After the first tw'enty-four hours 
the use of the intraxenous route was curtailed because she developed signs of fluid re- 
tention, namely, facial edema, enlargement of the liver, gallop rhythm, an increase in 
pulse rate to 120, a rise in venous pressure, rapid respirations (rate 40) and .x-ray e^d- 
dence of pulmonary congestion. Because of these findings she was digitalized on the 
second day and most of the fluids were subsequently administered by hj'podermoclysis. 
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Fio, 2. Chart of clinical and laboratorj'- findings and of therap}' emploj’-ed during 

final admission of patient E. G. 

DCA = desoxjmorticosterone acetate 
ACE -10% alcoholic extract of whole adrenal gland. 
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Her stroptorocni- iiif<Ttii>n was treated witli luilli iK'nieiHin ami mllieieiit mUa- 
(liaTUie to inauUaui au ado(\uat<' level of thi--' Mili-tanee in the IiIimkI. 

On the third day -he iin])r(tved -trikinply, Init within the followiiu: twenty-four hour,- 
the diahete,-, whirl) on adini—inn had not jtre-ented ditlieultie;-. heraine a major j)rohloin 
and !^ho developed inod('rately -evere aeiilo-i'-. In the tir.-t three day.- no atteni])t had 
hecn made to eontrol the iliahi'te- riiziiily. .'•inre hyiioKlyeemia -eeim'il the major daiitter 
in view of the acute aiirenal in-uilieieney attd neclittihle food intake. Fxtreme im-ulin 
.-en-itivity per-i-ted; on the hr.-t day a total of unit- efferteil eomplete ele;)rint; of both 
acetonuria ami piyeo-uria. Shili.-mpientiy im-ulin wa- jtivi'n e.'Uitiom-ly. in do-^e.- of .'f or •! 
unit'J, according: to the amount of s)ij:ar in the tirine. On thi' fotirth <iay, in .•■iiite of thi.-, 
heavy plyeo-uria ])or-i-ted and aeetonuria appe;ired with ;) -harj) dro]) in c.'irhon dioxide, 
content of the -crum to Kk'J ml'.c], ]>er liter. Thi-J .•leiilo-i- cleared with the aflmiiii.-tni- 
tion of only '20 units of ins)ilin. At no time diirinp this ailmission were any hyj)oplycemic 
epi.-odes ohserved. 

After the fourth day, the iirimary prohlems were juilmonary efuipestion and the ai)- 
poarance of cardiac arrhythmia. By the fifth <hvy the venous pres-)>rc had risen to 19") 
mm. and x-ray examination of the chest on the followinp day showed further increase 
in the pulmonary vascular markinps with either bilateral hyilrothorax or widesi)rcad 
edema in both lower lobe.-. A p:irl of the picture, was attributed to the fall in serum 
total protein from the initial level of 0 Om. to a level of •!."> CIm. jier eent on the fifth d.-iy. 
A.s to the cardiac arrhythmiji, cxtras-ystoles were heard at intervals on the third day. 
Durinp the fifth nipht she had a short episode of .syncope. The next inorninp an clec- 
trocardiopram revealed varyinp deprees of A-V block, with low voltapo, j)roniaturc 
ventricular beats and a marked prolonpation of the QT interval. Some of these abnormal- 
ities suppcsted hypocalcemia or hyperkalemia or i)olh. The followinp nipht there was a 
scconci episode of syncoi)o, with convulsive movements accom])anie(l by a.sy.stolc. In 
spite of the repeated administration of adrenalin, four more similar attacks occurred 
over the next twelve hours; in the last of these, she died. 

Filial laboratory fiudiufjfs: On the morninp of death the blood supar (fastinp) was 27S 
mp. per cent and the followinp values were found in scrum; carbon dioxide, 22.7 mEq. 
per liter; chlorides, 100.2 mEq. per liter; urea nilropen, G mp. ])er cent; calculated 
sodium, 13S.9 mEq. per liter; and itotassiuin, 3.-1 mEq. per liter. The urine showed 
glucose 4 plus and acetone 1 i)lus, but no diacctic acid. 

AUTOPSY 

(four hours post mortem) 

Gross 

The pleural and peritoneid cavities each contained 300-400 cc. of clear fluid. The 
mesenteric and sj'stcmic abdominal veins were distended. The mesenteric and retro- 
peritoneal tissues were more moist than normal. The heart was not enlarged or dilated. 
It weighed 270 Gm. The myocardium was normal. A small amount of clear fluid was 
expressed from the cut surfaces of the lungs which weighed 470 and 360 Gm. respec- 
tively. No gross abnormalities could be seen in the spleen, liver, gall bladder or kidneys. 
The pancreas was small, but its normal lobular structure was preserved. 

The right adrenal was a gray, wafer-like structure measuring 3 X IS XO.3 mm. The left 
consisted of two 1—2 mm. nodules situated in a thin sheet of fibrous tissue. 

A small subserous cyst of the right ovary was filled with clear, yellow fluid. The 
thjwoid was small and its cut surface was gray. Colloid appeared to be reduced. Four 
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purathjToid glands weighed 1-Jd nig. 'I'lte Imne marrow was slightlj- pah', 'i’lie lliyimis 

measured 2.0 XO.S xO.f) cm. 

Mirrosrojtir. 

^ Hcarl: In a few small areas of liie iidervenfricnlar .septum, the inter.stitial .siiaee.s were 
uideued and the muscle libers narrowed. .1 here was no necrosis, inflammation or .scarring 
of (he myocardium or of (lie conduction bumlle. 

Ltntffs: The intorlolndar septa, the iierilironchial tissue, and tlii' alveoli were mildy 
edematous. 

Liver." J he sinusoids in the eentrid zoik's w(*re mildly congc.stcfl. .Many portid areas 
uere intlltrated by lymphocyti's, wandering cells, and polymorphonuclear leukocyti's. 
In sections stained with Jtest carmine for glycogen, flic cytoplasm of liver ccll.s cfintained 
an abundance of carminophylic gninules, esfiecially in (he periportal zone. 



Fig. 3. Pancreas. Tissue around an islet of Langerhans is 
infiltrated by inflammutory cells. X3G0. 


Pancreas: Tissue blocks were taken from ten areas. There were small focal areas of in- 
filtration by lymphocytes, and occasional polymorphonuclear leukocytes and fat-laden 
phagocytes in five. In one section the inflammatory cells infiltrated an islet, (Fig.3). 
The islets were rather sparse and shrunken. Their cells were very small. The c 3 'topIasra 
consisted of a very thin rim of dense acidophilic material around small, occasional!}’' 
pyknotic nuclei. There was no hydropic degeneration, fibrosis, or hyalinization of the 
islet tissue. Sections from seven blocks fixed in Bouin’s solution were stained with 
chrome hematoxylin phloxin by Dr. George Gomori, of the University of Chicago. No 
granules were found in any of these (Fig. 4A). Alpha, beta, and delta granules were seen 
in abundance in islets in sections of pancreas from anotlier case used as a control for the 
staining technique (Fig. 4B). 
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.‘uiroiijii wjis iiljout two-J birds of a iiigli power field in thickness 
(I'lg. f)). ‘Witliin !i coll!ii).sed, iliickencd capsule, the < issue consisted of fibrous tissue, 
collapsed stroma, and a few small groups of atrophied cortical cells, focaify infiltrated by 
Ijmpliocylcs, ]?csidual tissue of the left adrenal was even less conspicuous. No medul- 
lary ti.ssuc was .seen in either gland. 



Fig. 6. ThjToid. Atrophy of the follicles in areas 
infiltrated by lympiiocyte.s. XSO, 


Kidneys: There were no .nbnonmd findings. In sections stained with Best carmine, a 
small amount of carniinophylic granules was present in the straight segments of tlie 
pro.vimal coni-olutcd tubules and in Ilenle’s loops. 

Ovary: This contained a mature Graafian follicle and a corpus luteum cyst. 

Uterus: There was cj^stic glandular h3'perpla5ia of the endometrium. 

Thyroid: Tlie major portion of the gland was normal Iio^Ycvar, tlie follicles were 
atrophied in scattered areas where the tissue was infdtrated by l 3 ’-mp]ioc 3 des whicli were 
occasionall 3 ^ oriented in small follicles (Fig. G). 

Parathyroid glands: These were normal. 

Thymus: The thymus was essentially normal The corticomedullary structure could 
be distinguished. 

Breasts: The glandular tissue was normal. There was marked periacinar fibrosis. 

Hypophysis: There was an unusually small number of chromophobe cells, with an 
apparently normal proportion of acidophiles and basophiles, although the latter were 
sparsely granulated. There was no frank necrosis, but the presence of pyknosis of nuclei, 
confluence of cells, breakdown of cell walls, widespread vacuolization of c 3 ^topIasm and 
clumping of cytoplasmic granules in certain areas, adjacent to normal and active cells, 
was evidence of some degeneration. The presence of such cytologic details as the Golgi 
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;>]i|';iratus ill liu' ii"Tiii;il ri'lK iiiiliriiU'il tlmt llic ili'^iMicriifivc cliMimc-' in luljiirriit 
wero jiniinii'ly nrliiiil rntiior tlinii 

SUn: Mpl.'iiiiii 'v;i'' iiirrcM^cd in tin' Im'-nl nmt i;«'nnin;i! i ci! Inycr-. 

lirain: (Dr. Al'in’r Wolf) Tlim' wito no rli;ini;o- nf imti' in tiir fniiiinl nyni«, thn 
iiyjiotiniluimn-. nr in llic nindiill.i. 

nisctssioN 

Tlio «h'vol(ipni('nt <if (linbntos innllitus following: Adtlisiin’s disease, is a 
physiolopr paradox of which only throe instances other than this patient 
iiave boon roiiortod. It may bo tormod a jniradox bccanse the expected 
changes iTsidtinp: from adrenal oorlieal insunicieney are in the direction 
of increased carbohydrate utilization due to the removal of the inliibitinp 
efTects of the cortical hormones upon this ]>hase of metabolism. Tuple (20) 
has established that injections of cortical substances result in a decreased 
ability to utilize fed plucose. The more, recent work cif Cori (21) has related 
this fmdinp to one specific step in carbohydrate breakdown — the conver- 
sion of plucuse to plucose-t)-phosphate — and ha.s conclusively .'^hown that 
adrenal extracts, in conjunction with anterior pituitary extracts, c.xert an 
inhibitory cfTect on this reaction. This inhibition is in turn blocked by 
insulin. Furthermore, .since the clas.eical studic.s of Imng and laikcns (22), 
it has been known that the removal of the. inhibitory ctTcct of the adrenals 
on glucose utilization or on gluconcogcnc.sis by adrenalectomy greatly 
ameliorates the diabetic state in a previously pancrcatcctomized animal. 
It i.s therefore, somewhat of a paradox that this patient, two and one-half 
yeans after known adrenal insufficiency e.xistcd, should have developed 
severe diabetes to the extent of a glycosuria of nearly 100 grams daily. 

An unusual sen.=itivity to exogenous insulin, such as this patient ex- 
hibited, has been remarked upon in a number of the previous reports of this 
dual disease picture and is, of cour.=c, known in uncomplicated Addison’s 
disease. It has, too, its cxj^crimental counterpart in the adrenalectomized, 
pancreatectomized animal and is also observed after InTioplij'scctomy. Ex- 
planations of this sensitivity, taking into account what is known of insulin 
action and of “anti-insulins,” remain unsatisfactory. The action of insulin 
described bj' Cori does not, as he'him.self has pointed out, e.xplain this ob- 
served sensitivity. Recently, in addition to its role in glucose utilization in 
the liver, a peripheral .site of insulin action has been suggested by Perl- 
mutter and Creep (23). These authors reported that the addition of insulin 
led to an increased glucose uptake in the striated muscle of hj^pophysecto- 
mized as well as of normal rats. AATiether the insulin sensiti^•it 3 ’ in this pa- 
tient can be related to. such a peripheral action of insulin can not be said at 
present, since the effect of adrenalectomi'- on this action has not j^et been 
examined. 
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Jii all, the oxpiaaalioii of sonsif ivily such ns Ihis i)alion(, in com- 

mon wilh olhor similar eases, exhibiled remains nnsatisfaelory. Kecent 
observations (24, 2o) sngpiest lhaf in nddifion to the pituilury and (ho 
adrenal so-called “anli-insnlins,” an anii-insulin may be elaboraled by llic 
pancreas. It is conceivable lhal Ihe lofal absence of granules in Ihe ])nn- 
crealic islets in the patient here descrilxal might indicat(! the lack of the 
normal anti-in.sulin of this I'egion, and in part account for her sensitivity to 
exogenous insulin. Against this argument arc the histologic findings on one 


other })aticnt with diabetes mellitus .and Addison’s disease, reeently re- 
ported by Bernstein (2G). In Bloomfield’s (4) original description of this 
patient a marked fall in insulin rcBuireinent. was noted when Addison’s 
disease. suj)crvened. At. autopsy Bernstein observed, in Gomori-stain speci- 
mens of the pancreas, that "alpha cells were easily recognizable, but onl.v a 
few unequivocal beta cells were ])re.sent.’’ 


SU.M.M.AHV 

1. The fourth case of Addison’s disease with subsequent a})pearance of 
diabetes mellitus is reported. 

2. The patient developed diabetes two and one-half years after the diag- 
nosis of adrenal cortical in.sufiiciency was established. 

3. A .severe degree of glycosuria (7] to 04 Gm. j)cr day) existed in the 
ab.scnco of in.sulin therai)y; however, this glycosuria was controlled with a 
total of only 0 to S units of insulin a day and extreme .sensitivity to minute 
changes in dosage was ob.'''er\'cd. A 24-liour fast resulted in disappearance 
of the diabetic state. 

4. Aiitop.S3' .showed; a) complete alxsencc of alpha, beta and delta gran- 
ules in the islets of the pancreas and unusuall}' small islet cells, and b) 
marked atrophj’' of both adrenals with associated lymphocytic infiltrations 
in the thju-oid and liver. 
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From Ihr Mrlolmh'r f'linir, Ihr Viiiorio I nfirinanj, (llnr/jow, Srollftn/l 

PinXCi the j)n'scn( ('ciilury slaf isticnl iiif(»rinatif»n has fiiajuc'iitly 
boon gaduM'otl from pa(i(M»ls alicndijig diabcfic cliDics, innstly in 
America. '^I'hc value of these .surveys d(!})euds chiefly on the c\-((!nl to which 
they can be \ised in studying the (diology of diabetes mellitus, (lre;itcr 
knowledge of the circumstaiua's under whi(di diabi'tes occurs in man will 
permit the im])ortant jidvanccs which have re<>ently Ix'cn made in the ex- 
}5erimental ju'oduc.tion of diabetes in anim.als to be placed more niadily in 
tbeir propei’ ])ersj)ectiv('. In carrying out a survey of diabetics .seen at a 
Scottish hospital we have accoi'dingly limit<‘d oursclv(‘s to a consideration 
of factors associated with the onset of tlu' disease, riz. the incidctice of 
diabetes according to age and .sex, the freciiiency of di.abc'tes iti married and 
unmarried women, the body weight of di.ahetics prior to the onset of the 
di.seasc, the blood ])ressure of diabetics, the hereditary fac^tor in diabetes, 
and the associaton of diabetes with other endocrine and nonendocrinc dis- 
eases. The data have ijeen treated .statistically. Afeans are given with their 
.standard errors, and probabilities of le.ss than 0.05 have been accepted as 
significant. 

CLI.XICAL MATERIA L 


The survey is based on the clinical records of 11^09 cases of diabetes .seen 
at the outpatient department and in the wards of the Victoria Infirmary, 
Glasgow during the lO-j^car period from the inception of a metabolic clinic 
early in 1932 until February 1942. The following data arc relevant to this 
clinical material: 

a) Siiualion of the hospHal. The infirmary .serves southern Glasgow and 
neighbourhood, an industrial area who.se inhabitants have an age distribu- 
tion slightly different from that of Scotti.sh people as a Avhole; in 1931, 31.3 
per cent of men and 31.8 per cent of Avomen in Glasgow were 40 3 ^ears of 
age or older, as compared with 32.3 per cent and 34.6 per cent respectively 
for Scotland. There are also minor racial differences between Glasgow and 
the rest of Scotland. In this connection onlj'^ persons of either Jewish or 
Irish origin need be considered, since a high incidence of diabetes is knoAvn 
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to occur atuoujl tluMu (1, 2). ^I'hc size of the .Jewish eoiiiinunify c.'innol 
seriously nfTeol the issue, for only -J.S ])er cent of our di.'ihetic eases wore 
.Jews. The last census of Scotland (ItJHl) revealed that 2..')S ]H'r cent of the 
Scottish jinjuilation had been born in Ireland, whereas in GlasRow -I.E! 
)icr cent were Irish-born. I hus any <lifferences that may exist between the 
inhabitants of (llasiiow and Scotli.di people as a whole c.annot be impor- 
tant, and we shall later jnesent evidence which suppest.s that our c.*i.‘'C.s are 
probably a rciiresentative samjile of Scottish diabetics. 

h) Diagnostic criteria. In most cases the diapnosis of diabete.s ha.s been 
based on a ty])ical history sujipfu ted by a single blond sugar determination 
made at random on the patient's first visit to the hosj)ital. Doubtful casc.s 
were investigated by a glucose tolerance test (.oO Gni. glucose orally): using 
Ilagedorn and .Jensen's techniciue on caj)illary blond, diabete.s was con- 
.^idcH'd to bo ])rc.^'ent when the peak of the curve exceeded IflO mg. gluco.se 
per 100 ml. of blood and the return to the fasting level was delayed. Some 
clinicians have suggested higher blood-.<ugar values as critical levels for the 
diagnosis of diabetes: thus .Joslin (1) con.^iders 200 mg. per 100 ml. to be 
the .significant level and Hale- White and Payne (3) suggest 220 mg. for 
elderly subjects. Thc.«c difTerenccs of opinion arc tmlikely to N-itiatc our 
data, for few of our ca.scs lie within the doubtful zone. In a random sample 
of 269 case records we found that only H per cent of diagnoses had been 
based on blood-sugar values of less than 200 mg. per 100 ml. of blood and 
13 per cent on values of Ic.ss than 220 mg. (these include single estimations 
taken at random as well as tolerance-curve peaks). 

c) Representative nature of the clinical material. In an attempt to test 
whether our cases were a representative sample of Scottish diabetics, we 
compared the ratio of male to female patients at our clinic with the ratio of 
male to female deaths from diabetes recorded in the official returns of 
deaths for Scotland. In using mortalitj' statistics for this purpose, it is nec- 
essary to .show i) that the mortality stati.stics do not distort the proportion 
in which male and female diabetics die, and ii) that the ratio of male to fe- 
male deaths from diabetes remains reasonably constant during the period 
studied. It can then be as.sumed that the sex ratio among new cases is the 
same as the sex ratio found in the mortality statistics, despite the long in- 
terval elapsing between onset of diabetes and death. 

The first of these conditions was shown to be fulfilled when the death 
certificates of 128 of our diaJjetic cases were traced. Although only 67 per 
cent of these were finally classified as deaths due to diabetes in the Annual 
Returns of the Registrar-General for Scotland^ the sex distribution was 

^ This reduction is due to losses of two kinds, a) failure b3'’ practitioners to enter dia- 
betes on the death certificate, and b) other coincident diseases taking precedence over 
diabetes as the classifjdng cause of death. 
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very little altcivd (Table 1). In order lo tesl (he fc.coiuI point, (he standard- 
ized death rates- from diabetes during the jieriod lOOl -ID-iO were ealcu- 
lated for men and women sejiarately 1). Although the ratio of the 
female to the male tleath i‘at('. was subject to e(jnsiderable disturbanc(!s iij) 

T.MIM: 1. Ax IXVKSTICATIOX IXTDTUi; (!}:hTII ICATIOX and HlX’OHDIXr; oi- 
Dr.ATiis nioM ntAHi/rr.s in Snn-i.AXH 
(Tlip corfiUrnfos .'inil mortality data an; riassifu'd arcordini; to tlio )n2f) 
revision of the International l/ist of (taiises of Death.) 


Itatio of 


Numher of invc.-;tigatcd deaths from cliahetcs 

Those elassitied as deaths from fliahetes in the 
Annual Returns of the Resist rar-tJeneral 
for Scotland 

Annual nuin.her of deaths from diabetes re- 
corded in the Returns of the Rejiistrar- 
Gcncral for Scotland (mean for the years 
1931-10) 

Therefore, estimated true number of deaths 
from diabetes occurring annually in Scot- 
land 

New case.s seen in clinical practice (authors’ 
clinic, 1932-12) 


f 

Total 

number 

' female 

1 to nude 
j diabetics 
j in groups 

! 12.S 

t 

i 

i 

j 2.12:1 

1 

1 

i 

j SO (07';;) 

j 

1 

! 

j 2.19:1 

i 

i 

781 

2.00:1 

1103 

2.00:1 

1 

1309 

2.20:1 



* Chi-.squarc, an index of di.spersion. 

t Sex distribution at clinic not .'iignificantly difTcrent from sex distribution of deaths 
among Scottish diabetics during 1931-40. 


to 1930, it attained a rather stable plateau after that year. It is therefore 
probable that the similarity between the sex distribution at our clinic and 
the sex distribution of deaths among Scottish diabetics during 1931-40 


* The standardized rate is appropriate here because it allows for changes in the aver- 
age age of the population during the period studied. On account of the long duration of 
diabetes in recent years, we have used broad age groups (0-14, 15-34, 35-54 and 55 years 
upwards) in calculating the standardized rate, which is based on a population of a million 
persons distributed as was the 23opulation of Scotland in 1901. 
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■ Fig. 1. Standardized death rate from diabetes in Scotland (1901-1940). 

(Table 1) is an indication of the representative nature of our clinical ma- 
terial. 

Comparisons have also been made (Table 2) between the sex incidence 
noted at some other chnics and the sex distribution of deaths from diabetes 
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in the local mortality f>tatisti<'s. The sex ineidonee noted at. these clinics 
varies from an excess to a deficiimcy of females Inif. the observations arc 
sometimes quite at variance with the ratio of female to male deatlis re- 
corded in the local returns of deaths. Whilst, complete reliance cannot be 
placed on this use of the crude mortality statistics (cf. Joslin and Lombard 


T.Mii.c 2. Tin; 

i;x J.vciDLNf r. fir 

Dl.MlKTL.'t .cr ('KItT.U.V Dr.MILTlC ( ^r.f.VIf.S 

Author i 

i 

1 

1 

I.'irnlity 

j T<>lnl 

1 

rU i\{ i linh* 

IVtuvI*' 
i fn rnnl*' 

1 r:\tb> 

1 

i rU.vth'i from 

j to tn.ih* r.'itio* 

Amrrirr.n: \ 

Alt.srliul nnd X.ntli.Tii (f)) 

1 Ifnrletii, .V.V. 

I Of.; 

•1.0 :1 
l.K :1 

! 

.'i.ol.-lf {.\V» York. 1''.17) 

2.0'.i:i; (NVw York. 1!>W) 

•lolin (C. 7) 

Clevrl.nnd l!>L’l-77 

JpSf, 

1.11:1 

1.12:1 11121-27) 

Joslin (1) 

(i) 

(ii) 

ll.nton 

l}i;»S-l!a-! 

iiKitpris 

2.';S7 

l.I.t.l 

I.'JS-.I 

I. .'1:1 (.^rn*,.■t^lm^s!ts. I00I-;i2) 
1.112:1 (.Mn-.-n-!i«-tts, tP.1.7-.1S) 

Wendt nnd IVrk (S) 

ni'trt.it 

lOT.T 

1..^!:! 

I.:!0:1 (.\lir!iin;in. lOlP-20) 

Wilder nnd llrowne (0) 

(1) 

(ii) 

M.nyo (’linir 

H'.’I-J.S 

ion.'.-:i7 


O.S7:l 

0.77:1 

1.. ’ll;l f.Minnesot.i. 1.02I-2.S) 

1.. '.0:l (Minn-sct.'v. lO.I.V.W) 

Uritith; 

CnminidRc (10) 

I.ondon 

1000 

0.07:1 

1.-I2:1 (I.ondon, 1!>2:.) 

Murrny Lyon (11) 

K<linliurp,U 
l!>2l-:i2 (.nt>i)rox.) 

1700 

1 .02:1 
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1 

Present nutliora | 

GlrisRon- l'),12~12 

I,W.> 

2.20:1 

2.00:1 (Scotkind. lP3I-t0) 


* Not aclj‘us(cd for distortion of ratio in tlic prorrsa of r<‘rtifyinK nml rrrordiiiR di-ntliTi. 
t Xcftro ensefl. 
t Wiite cases. 

(4)), these comparisons do suggest that some clinics arc not representative 
of the local diabetic population. 

d) The frequency of undiagnosed diahetes in the populalion of Scotland. It 
should be pointed out that we have shoAvn our diabetics to be representa- 
tive onlj'' of diagnosed diabetes in the population of Scotland. It is quite 
probable that the type of diabetic in whom the disease goes undiagnosed 
is different from the average case of diabetes. Undiagnosed cases will. tend 
to be mild and without definite symptoms. Furthermore, there is no reason 
to believe that lack of S 3 mptoms will affect male and female diabetics to 
the same extent. For example, genital pruritus was the chief complaint 
in 26 per cent of our female cases but in only 0.8 per cent of our male cases; 
it is conceivable that a number of these females would not have come for 


Jnr.unni, /P.JP 


DIAIUrri'S IX A SCOTTISH CLINIC 


r).-? 

diiipiosis. wore i( not for tlu* pnirilns. Tt would thcrcfon' seem inij)()rl:in( 
toostiinalo the oxtont 1(» wliidi diahotcs goes undiacnosod at diTn'ront ages 
in the Scottish jinpulation. 

In the case yoinig achdts, a direct approach to the i)rf)blein of tlio true 
nninher of diabetics in the j)opnlation is possible through tlie use of data 
accumulated at the examination of army recruits. We have therefore ob- 
tained an analysis of the medicid records of •ll8,l lO consecutive male and 
female Scottish recruits. 'I'lie ages covered wiue I7— lo years for men atid 

Tmh.v, V,. Diahv.ti'.s in Seimisn Aumy Ur.cneiTs 

! M.-iIrs rcnuilr-s 


Xunilx’r of rprruits ox:iiniiipi.I 

:M2,001 

71 .010 

.tvcrauc n"C (ypar.') 1 

27.1 

21 .7 

ll.'inirc (years! 1 

17- -I') 

17-3.0 

Diabetics found j 

.■)0t 

20 

Dialictics ])cr tbousand examined 

.\inerie;in National Healtli tfurvey rate, in pojnila- • 

1 .71 

0.37 

tint! of similar uce comi)ositinn[[ (<liabcfics jier 
thousand) 

i 

1.0 

0.7 

x‘ test for diabetics fouml comi)ared with miinbcr ex- 
pected on tlie basis of tlic .American National 
Health Survey 

•IS.l.')* 

7..*)S' 


* The miinbcr found difTers .‘■iptiifio.niitly from the nuiid.cr cxjtcctcd. 


17-35 years for women and the only clas.ses of the population exempted 
from militarY' service were persons working in essential industries and 
women with Y'oung families, ^^^len glycosuria was found in the routine 
testing of urine, the test was repeated on the following day; if sugar were 
still present, the recruit Yvas sent to a specialist for a glucose tolerance test 
and clinical assessment. The difficulties and decisions of the specialist are 
well illustrated bj' the paper of Peel and Peel (12) on diabetes among Scot- 
ti.sh army recruits, but the important feature of the data Yvhich we have 
obtained is that it rests ultimatelj' on clinical judgment of each indiYudual 
case. 

The incidence of diabetes in Scottish recruits is shown in Table 3. In 
order to compare this incidence with frequency of diabetes diagnosed in 
the ordinary course of events, we used the corresponding age groups of the 
American National Health Survey of chronic disease in the United States 
[quoted by Joslin (1)]. This abstraction of a portion of the American survej" 
seems justified, since the over-all rate of 3.7 known diabetics per thousand 
of the population found by that survey agrees fairly well with our own 
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Ta)ii,i: -{. Alii; ani> Si;.\ Incii)i;n-(-i; <tv DiAiti/rtc C^ahiis 


Ago at 
onsc( 


Dialiolios soon 
a( liospila! 


I'npulnf’um of (Ilasgou- 
(lO'D conKns) 


Diahofio pationfs 
so(!ti per ion, 000 
of (Uasgow 
population 



Males 

I'onmlos 

Males 

i I’em.ales 

1 Males 

1 I'V-tiialc-i 

yrs. 




; 



0-10 

r> 


1 13.20S 

; 112,00)0 

4 

3 

11- If) 

11 

12 

45.090 

45,090 

24 

20 

10-20 

2.5 

24 

4.S.24S 

.52 ,.5.39 

52 

40 

21-2.'» 

21 

10 

40,213 

51 ,.505 

45 

19 

20-30 

2S 

33 

43,012 

47,4S5 

0)5 

09 

31-3.') 

30 

35 

30,457 

43.232 

99 

SI 

30-10 

2.5 

44 

34 ,400) 

39,701 

73 

HI 

41-1.') 

3.5 

.SO 

• 31,454 

.35,0)1 1 

111 

225 

40-.a() 

29 

1.30 

.30,041 

.33,109 

95 

.392 

.51-.')") 

.5.5 

174 

2S,317 

29,342 

194 

59.3 

oO-OO 

49 

137 

25,100 

24 ,.590 

195 

5.57 

01-0.5 

40 

120 

l.S,. 323 

IS, 4 25 

2 IS 

05 1 

00-70 

l.S 

51 

11 ,97.S 

13,.S2.3 

1,50 

30)9 

71-7.5 

.s 

24 

0,999 

9,5.31 

114 

2.52 

70-.S0 

4 

2 

.3,047 

4,700 

131 

43 

SI -85 

1 

1 

9S0 

1 ,S54 

102 

54 

Unclas.sified 

12 

27 

— 

— 

— 

— 

Up to 40 

151* 

101* 

307,300 

.392,218 

41.1 

41 .0 

41 u]) 

239* 

719* 

150 ,S45 

171 ,045 

1,52 

420 

Unclassified 

12 

27 

— 

— 

— 

— 

Total 

402 

907 

— 

— 

— 

— 


*X'=00'S2: P= <0.01 (higlily . significant). 


estimate*'’ of 3.9 per thousand in Scotland. Table 3 indicates that diabetes 
was more frequent in the male Scottish recruits than in the corresponding 
age groups of the American survey; on the other liand female recruits 
showed a lower incidence than was found bj’- the American survey. This 
low incidence in female recruits is not likely to be explained by the infre- 
quency of married women among them, for it will later be shown that mar- 
riage is not a factor in the incidence of diabetes until after the age of 35. 

® The total number of diabetics in Scotland was estimated by multipbdng the true 
annual number of deaths from diabetes (Table 1) bj’- the average duration of the disease 
computed for our clinic cases according to the expectations of life given b 3 ’^ Joslin (1), 
i.e., 1163 deaths by an average duration of 16.7 years, giving a total of 19,420 diabetics 
alive in Scotland, or 3.9 per thousand of the 1938 population. 
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It is ihoroforo (listtirhiiifr to find thnt .Srotlish rocniits show :i lolnlly dif- 
ferent incidence of diidu'tes in tlie sexes at aji ape when clinical experience 
shows a similar freqncncy in men and women (Table -1). 

Numerically. yo\mp adult diabetics are an \inimportant proup. In middle 
life, diabetes is much more common but wc have unfortunately no data to 
offer on the frequency of undiapnosed diabetes at this ape. In view of this 
we must insist that our data are valid oidy in respect of the known diabetic 
]mp\dation of Scotland. 

c) Coulrnl pnpulnlion. For several of our observations a control popula- 
tion was used. This consisted of a raiidom .•sample of hospital visitors, who 
were therefore of approximately the same social class as <mr diabetics. 


T-Mii.r. .■). Dr.ATn lt\Ti; rnoM DiMurrr.s .\( ( ouniN(: to Ae.r. at 1)i:ath (Cai.cui.atki) 
rnoM Tin; Anncai. HirriTiss oi thi; 11i;<:is-tiiau-Oi;.st:uai, roit Scoti.a.vd) 


Ape at death 
Yrs. 


.Vverape Annual Death Hate* for 1031-19 t0 

i i 

.Males 


rcinalcs 


rcmalo/inalc ratio 


0- 

S.l 

S.3 

1.02:1 

15- 

,30 

21 

i 0.80:1 

35- 

72 

102 

! 1.42:1 

55 upwards 

•1S2 

055 

1.0S:1 


* Xumher of deaths per million of the population of similar ape and sex. 

Known diabctic.s were excluded from this group. In the .section on heredity, 
nondiabetic patients were included in the control group. 

SEX AND AGE INCIDENCE OF DIABETES 

More women than men came to our clinic, the ratio being 2.26 females 
to everj'^ one male. This is in agreement with recent statistics from the 
United States and from most European countries (1). 

The onset of sj^mptoms was taken to represent the onset of the disease. 
In most of our cases diabetes started after the age of 40 (Table 4), the av- 
erage age at onset being 45.1 years for men and 50.6 3 '’ears for women. The 
tendency’’ for diabetes to occur in middle life is actuallj’^ greater than these 
figures would suggest, for the population after the age of 40 dwindles rap- 
idly. In order to correct for this we have considered also the number of 
diabetics seen bj-^ us per 100,000 of the population of Glasgow of similar 
age and sex (Table 4). These adjusted figures (which must not be taken 
as absolute rates for diabetes in the population of Glasgow) show that up 
to the age of 40 both sexes are equally subject to diabetes; after this age 
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Fig. 2. Age and .‘^ex incidence, overweight, liyj)ortension and freciucncy of 
familial casc.s among Seotti.sh diabetics. 

its frequency in women increa.^es rapidly while in men the increase does not 
beeome obvious until the age of oO and is much le.ss dramatic (Table 4 and 
Fig. 2). This finding is supported b}’- the number of deaths from diabetes 
per million of the Scottish population at different ages (Table 5). During 
1931-40, deaths from diabetes in Scotland were slightly more frequent in 
males up to the age of 34, but after this age more tvomen tlian men died of 
diabetes. 

THE INCIDENCE OF DIABETES IN MARRIED AND UNMARRIED WOMEN 

When the proportion of married and unmarried women at our clinic was 
compared with the proportion present at similar ages in the general popu- 
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lation of (Uiisgow, it was found that marriod women formed an \mdnly 
liipli proportion of the diabetics from the a(;e of Iho onwards (Table 0). 
When onr rases of diabetes w('r<‘ eonsidered jier 100,000 of tlio population 
of Cdaspnw (I'iji. o’), the disease was found to ocenr with tin: same fre- 

Tahi.v. G. Pi’.orouTioNs or M.vituir.n .\ni> I'NMAituna) WoMr.N OiA!ii;Tr.s Sr.r.N at Oen 
Ci.iNie, roMi’Aur.i) WITH Tin; PitopouTioNs or MAiiiiiiai and t'NMAUr.irt) Womi;n 
IN Tiir. Or.Nr.r.M. Poi’ri.ATios or (Ii.ascow (10:?1 C’r.Nsrs) 


.\cc prou]i* 

Xo. in group 

Married 

l.ininarricil 

r tc.st 

year.'-; 

Diabetics 

General population 

.'.‘I 

'.'2. GUI 

r' 

.( 

G1 

GO 

r' ! 

.3g' 1 

, .10 J 

O.nit 

iircr.r; 

Diabetics 

KV.I 

. s.'> 

1.3 1 

[ .3..53t 

General jiopulation 

7G..301 

7S 

22 ,1 

yenrf: ujnrnrd!^: 
Diabetics 


03.0 

1 ; 

' 7.0 ’ 

1 .17.901 

General jioinilatinn 

MS'?, 2.50 

,S2.7 

17.3 


* Tor diabetics, ape and marital status at time of onset of diabetes, 
t Statistically sipnificant difference between groups. 

* No statistically significant difference. 
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Cajtj iccn per 100.000 
of Gloigow population 
of lome age, itx ond 
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Age 25-34 
ot onset 


I • Men. 

2* Single women. 

3 ■ Married women. 


2 3 


35-44 


45 + Years 


Fig. 3. The relative frequencj’ of diabetes in men, single 
women and married women. 
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qiicnoy in men nncl in nninnrried women, Init to be nitber more eommon 
in married women between 35 and d-l years of a}z;(^, and mneli more eom- 
mon in married women after this a^e. Thus tlie, hip:her ineidenee of diabetes 
in women as compared with num is due to a factor or factors associated 
with marria}!;e. This conclusion is supported by recent mortality statistics 
from North America, where the d<!alh rate from diabetes per 100, 000 of 
the po]mlation is much the saim? for men and unmarried women, but is 


Tadi.k 7. DiAiu/rn; SciuiaTs and HoserrAf. Visrroas DisTintuTCf) Accfnjei.vc to 
Size OK Famu.y. Data nio.Nt .M.\uitna) Womkn- •!*> VcAtJs oi- A(a: oa Oi.oKtt at 'J’imk 
OK Onskt ok Diaiik.tks ou, INTHi: (^\sI: ok (%)NTIE 0 I, 

I’oi'ct.A'no.v, AT Tnti; ok (JtoEsTioM.sc 



! 

1 No. in 
group 

Diabetics | 

{ 

. IVrci'utagc j 
! of all : 

subjert.s 

{'oniroi.s 

Percentage 
^ of all 

,,ibjcets 

Total miinbor of married 

I 

1 


women (luc.'^tionofl 

, ;{2s 

' — i 

I -17 — 

Those with; j 

1 



0-3 children 

S 1*21 

.37 

,S7 oil 

•l-fi children 1 

' 101 

,31 

,3S 2() 

7 or more ohihlrcn 

10() 

.32 

22 1.3 


X-icst ■ *23.71* 


* The distribution of the diabetic subjects is significantly difierent from tliat of tlie 
control subjects. 


considerably greater for married women (1, 13, 14). A difTerence in the 
death rates for married and unmarried women has also been noted in Eng- 
land and Wales (15). 

The high incidence of diabetes in married women appears to be related, 
at least in part, to pretdous childbearing. AWien women who developed 
diabetes after the age of 44 were compared with hospital visitors of similar 
age (Table 7), it was found that a much higher proportion of the diabetic 
women had had large families. This finding indicates that women with large 
families are specially liable to develop diabetes. Marriage and childbearing 
did not, however, affect the mean age at onset of diabetes in the group 
(Table 8), nor did they seem to influence the severity of the disease: the 
proportion of women diabetics who showed ketonuria (more than a trace 
by Rothera’s test at any one visit to the clinic) and the proportion who 
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No. in 
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(■' 

iC 

r' 

/C 

rninarried 

32 

.A7.S*l.ir. 

10 

■ 50 

Married: 




1 

j 

i 

No ebildren 

37 

Ai'. O i 1 .31 

11 

' 38 

1-3 ebililron 

St 

At.-l •O.fiO 

s 

•fO 

-l-fi cliildron 

101 

.AA.s ‘.n.r.i 

11 

38 

7 nr more ebildren 

IOC. 

•All.C) it),. AO 

0 

•IS 


— ~ A. 72* j 3.00* 


• TliP jirrcenf.npcs do not difTcr .‘ipnificantly. 


required insulin for stabilization did not change significantly with marital 
statu-s or with the number of jircvious pregnancies (Table 8). 


Taiim; 0. IIkiciit.s (nn ii Shok.s) or a.n Adult DiADime Podulation 
AND AN Adult Co.ntiiol Poi’ul.\tion 


Diabetie.s Control.^ 


Group 

No. in 
group 

Mean 

height 

No. in 
group 

Mean 

height 

DifTer- 

ence 

“t” 

tc.st 



in. 

1 

in. 

in. 


2J-.'fO ycars:^ 







Males 

17 

07.91 ±0.09 

43 

00.94 ±0.40 

+0.97 

1.22* 

Females 

11 

04.10 ±0.81 

98 

03.14 ±0.27 

+ 1 .02 

1.20* 

Jil years wp.'j 







Alales 

28 

00.58 ±0. .72 

■ SO 

00.21 ±0.37 

+0.37 

0.52* 

Females 

GS 

01.82 ±0.35 

: 112 

02.73 ±0.23 

-0.91 

2 . 2 e§ 


* Difference not statistical^' significant. 

t Age at onset for diabetics ; age at time of examination for control population. 
§ Difference statisticallj' significant. 








()0 


11. N. MUXUO, .1. KATON ANl) A. (’.LICK 


Volume 0 


JIlCinilTS AM) AVKIGIITK OF ADUI/I’ DIAUFTICS 

Jlciohis. Tlio lioiglith- of sonic of om- ndiiK diahcfics wore known and 
were compared wiih (lie lieiglds of visilor.s fo (he hospital. ’’J’ahlc 0 sliows 
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1.70. 1 
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47 
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A 4. 03 1 
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04 

1 77 . .7 
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32 

iSS.3 

.7 . 03 

Females: 

i 



21-30 
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I2S. 1 
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40 1 
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±3.04 
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grou|> 
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lbs. ' 

Ihs. 

i 

10 

147.7 ±4.00 

-f- 2.4 

’ 0.34t 

42 

1.70.4 ±3. OS ^ 

-b 0.0 

1.21t 

40 

170.4 ±4.13 , 

d-12..S 

2.10§ 

3.7 ! 

170.7 ±3.00 1 

-b20..S 

3.39§ 

32 

1 00.. S ±7.47 

-1-21.7 

1 2.09§ 

1 

32 ! 

110.7 ±2.73 

-{■II.4 

1 

i 

! 2.42§ 

07 

130.1 ±2.71 

-±27.0 I 

' 4.97§ 

00 

140.0 ±3.04 ; 

+33.S 

f).20§ 

41 

1.77.4 ±3.27 i 

-b23.3 

4 . 77 § 

33 , 

1.72.2 ±4.01 ; 

■4-27.4 
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Age jit onset for diaijotics; ago at time of e.vamiiiatioii for control population, 
t Not statistically signiiicant. 

§ DifTcrence statistically significant. 


that the diabetic.s were not significantl^y taller tlian the control population,-' 
a finding which i.s in agreement with the observations of Joslin, Dublin 
and Marks (16) and of Blotner, Hyde and King.slej^ (2) for adult diabetics. 
In contrast, diabetes in childhood tends to occur in tall children (^^fiiite, 
in Jpslin (1)). Our juvenile cases are too few to make our data worth quot- 
ing. 

Weights. Diabetic patients and control subjects were asked to state what 
their maximum weights had been and it was found that women diabetics 
were significantly hea-\der than tlie control population from the age of 20 

* Women acquiring diabetes after the age of 40 were significantly shorter than the 
corresponding control group (Table 9). This is due to the large number of multiparous 
women found among diabetics of this age. In both the diabetic and the control group we 
noted that women with large families tended to be of small stature, presumably because 
they originate mainly from the poorer classes of the communit 3 ^ 
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(inwnnis. wluMTiis the in:ilc dinhotirs were hoavicr from the of *10 on- 
wnrds (^Tiiblc 10 aiul Fip. 2'). Many authors liavo n'lnarkotl that adult dia- 
Ix'tics fi-iHjuc'iitly f:ivo a history of jjrcvions ohosity, and Joslin, Dublin 
and Marks (17) havo (hunonst rated ronvinciiifily that a high incidence of 
diabetes occurs in occujiations which favour obesity. Moreover, it has been 
shown that reduction in body weight may rest on* the sugar tolerance of 
obese diabetics (IS). esj)ecially if the patients are treated early (10). These 
observations suggest that obesity not oidy ])recedes dial)etes, but also plays 
a i^art in the production and maintenance; e»f the di.abetic state. 

Bex'S obc.^ity account for the greater susceptibility of married women to 
diabetes? In Table 11 are shown our data for women diabetics and women 

T.MU.r, 11. Manimcm llnav Wr.KiiiT in Hki..\ti(».v to M.\uiii.er;r. .k.vd 1’c.i;\toi:s Ciiild- 
iir..MaN<:. 1 ).\ta nioM )Vomi;n -I.") Ycai:-; on Oi.dku at Timi; ok O.vsk.t f>K 
DiAiiimis, on. IN Tin; Cask or Tin; Costiioi. I’oiti.ation or 
HosriTAi. Vi.'JiTons. .\t Timi; or (Jit:.'.tionis<: 


Groui) of 
Women 


A’n. in .Maxiimiin Hotly Wcisilit 

Group l.l)s. 


Dia- Con- 
liotirs trols 


Dialictics 


Controls 


Differ- “t" 
enco test 


Uninarricfl 

' 32 ; 

20 

1.73.. 3 

±.7.1 

1 30.. 7 

±4.0 i 

4-17.3 

' 2.. 74* 

Married: 

Xo children 

! 

3.7 1 

13 

1 100.0 

r; .7 . 1 

144.0 

±7.2 

+21 .4 

1 

2.20* 

1-3 children 

S2 i 

73 

172.3 

±4.0 

140.0 

±3.0 : 

+25.7 

, .7.03* 

4-G children 

100 i 

33 

13.7..S 

r3.3 

1.79.1 

±4.1 I 

+20. S 

3.93* 

7 or more children 

07 

21 

130. .7 

±3.1 

1.79.1 

±4.0 

+27.4 

3.9S* 


* Difference statistically significant. 


controls arranged according to marital status and number of children. In 
both the diabetic and the control group, married women were heatner than 
single women, and women Avith large families reached the greatest average 
weight. If Ave accept the CA'idence that obesity can be a factor in the pro- 
duction of diabetes, the greater frequency of obesit 3 '’ in married women 
proAodes one likelj' explanation for their higher susceptibilit}^ to diabetes. 
This .subject has also been examined bj-- Joslin (20). He studied Avomen with 
onset of diabetes after the age of 4.5 and found that married diabetics had 
an a\’’erage AA’eight of 181 pounds, AA'hereas unmarried diabetic Avomen had 
an aA^erage Aveight of 161 pounds. He did not, hoAA'eA'er, find anj^ difference 
between the ax'^erage Aveights of childless and fertile married Avomen with 
diabete.s, but it .should be noted that Joslin’s clinic may not be a representa- 
th’-e sample of diabetics (Table 2). 
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It WHS our intention to recorfl blotul pressure readings as soon after the 
eoinmencement of symptoms of diabetes as possible. For tin's reason, we 
include in Table 12 only the data (»bt allied from jiatients who had had 
symptoms for le.ss than one year before the date of I'xamination. It was 
subsequently found that tlu^ blood ])re.‘<sure readings takem in all new eases 
seen at the elinie gave results almost identical witli tliose .shown in Table 
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1.53.0 ±3..S.3 

22 
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10.5.S i-l .0.5 

10 

151.0 15.81 
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I23.Si--l.00 
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117. 012.37 

+ 0.2 

1.17t 

.31-10 

; 23 

MO.l 10..S0 j 

til 

117.0 11 .03 

-128.2 

5.32§ 

41-.")0 

; 70 

102.313.17 i 

58 

132.012.75 

-120.7 

O.S7§ 

51-00 

! IM 

170.3 12.80 : 

30 

MO. 7 1-1.. 53 

, -1-20.0 

5.25§ 

01 u])wards 

i So 

181.5+3.37 ' 

27 

158.0+5.72 

! -1-22.0 

1 

3.20§ 


* Age at onset for cUiibctics; age at time of c.xa mi nation for control population, 
t Difference not statistically significant. 

§ Difference statisticall}'^ significant. 


12 and we have used these more extensive data in all later tables relating to 
blood pressure. 

Each diabetic’s blood pressure was taken at the first visit to the clinic; 
after the patient had been lying on a couch for 15 to 30 minutes, readings 
were taken with the patient still in the recumbent position. It was imprac- 
ticable to take the blood pressures of the control group (hospital ^dsitors) 
under the same conditions; these subjects Avere examined seated, by the 
tAVO observers Avho had taken most of the readings on the diabetics (Table 
12 and Fig. 2). In vieAv of the someAvhat different conditions under AA^hich 
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till' ronlml population luul to ho oxniiiini'd, it w;is iloridod to nd;iko tho 
blood pri’-'-suro roadiups of 200 diabolio.'; who had aftcndod tho clinic for 
not more than five years. 'Pliese readinps were taken, with the patients 
.seated, by a sinple observer who also studied a control proup under similar 
conditions. This second prouji of data difTer from those piven in Table 12 
in only one respect, viz. that the mean pressure of women diabetic.s between 
the apes of -10 and 00 years is sliphtly lower than the fipurc.s piven in the 
table. As this does not affect the sipnificance of the data piven in the table 
we shall not pive details about this second examination of patient.s anil 
controls. 

Table 12 shows that the mean .systolic pressure of the female diabetic.s is 
sipnificantly higher than that of the female control group from the age of 
.30 onwards. Blood prc.ssurc also tends to be high in males developing dia- 
betes late in life, but the mean prc.ssurc of the.se cases is not significanth* 
(liffercnt from that of the control series. Somewhat .similar ob.scrvations 
were made by Major (21), who compared diabetics (duration of di.sease 
unstated) with a control group compo.sed of hospital vi.sitor.s and hospital 
.staff. He found that the average blood pres.sure of tho diabctic.s was sig- 
nificantly greater than that of the controls from the age of .50 onwards, 
and inspection of his data suggests that this was due to hypertension among 
the women diabetic.s only. However, Strauss (22) and Brull and Dcchar- 
neux (2.3) compared diabetic and nondiabctic ho.spit.al cases and found that 
hjiicrtension was more common in diabetics of both sexes. Blotner, Hj’de 
and King.sley (2) state that 7 per cent of male diabetic army recruits had 
hji^ertension, as compared with 2 per cent among nondiabetic recruits. 
Although statistical analysis shows this difference in incidence to be sig- 
nificant, it probably can be accounted for by the fact that the recruits with 
diabetes were older than the nondiabetic recruits. Wollaeger (quoted bj^ 
Wilder (24)) states that the blood pre.ssure of diabetics is not raised, but 
his control group consisted of patients attending the Mayo Clinic on ac- 
count of headaches. 

Hyperle7ision and obesity. Obesity by itself causes a small increment in 
the blood pressure of healthj" subjects (25, 26) and it has been claimed bj’ 
Brull and Decharneux (23) that the unusual frequency of hjqiertension in 
diabetics is linked with their obesity. In analyzing their data, however, 
Brull and Decharneux did not consider male and female cases separatelj’’ 
and it is possible that the apparent association between obesity and hj’per- 
tension shown bj"- their data was due to the fact that both of these condi- 
tions are specially frequent in diabetic women. Our own observations on 
this point are confined to women diabetics over 40 years of age at the time 
of examination. Using standard tables of weight, cases were arranged ac- 
cording to degree of obesity at the time of examination (Table 13). Two 



04 


11. N. ^lUMlO. ,1. (’. KATOX AXI) A. C;i-HX 


Voluinr 0 


Taiu.k 10. Tin; llj.oon ]’)!i;,'<srju; nr \\'nAti;.v I)f.\n(;'f7( s (.'n.ssrpcfaa* rx Ri 
Iloo'v Kicii'r. No Ai'cor.v'r 11, Hr.r.v T.tKr.v nv’vitt: Orfj.rr/n.v (ti'Tiii: 


;i,A'ri<iN T(i 


Ar-* 



•)I 

1 

Jn .*0 yrnt'y 

1 

I to fit) Jr.lK 

til yi-\ri 

(Irfiijp 


j Mnn 

1 

• .Mr- -Ml 


Mr-in 


.Nil, in 


; No. in 

j r-y-ilotir 

.Vo in 








1 l.loori 





' prr 'Mfr 

■ 




Him. 11,; 


mill. He 

1 

inni. He 


.‘.S 


1 :p'. 

’ Mr.,7 t •J..V 1 

«■ 1 

L'.H,!) A.-.7J 

Dinl'rlir rrotlj'.' 

t 






I'mlrrwriKlit’ 

l.-i 

( I i:i.S.! (l.l.s 

At; 

I 

» r 

lOI. Si. •1.1.1 

Up to 21 Tf I'Vcf vM'irlit* 

•Jl 

' * fi.o:! 


IM.'J ! .T..M 


ISJ.2i.(..SO 

or mori' owrorinlii* 

^4 

; I71.!>t..'’..ris 

.VI 

isi-C. ; .'i.ci 

Iti 



IVi.i’i 7.7.1 


* At liinr nf 


foalurc.-^ of <hc dnla (hal olx'sily doo.-^ no! piay a largo i)arl in (ho 

hypertension of iniddlo-ngod diuhotio women: a) patients who were under- 
weight had a higher avorag(' hlood pro.<suro (lian tiie control group, os- 
])ccinlly in (ho later ag(' groui)s; h) patiiuits who were more than 25 per cent 
overweight had (he same avorag<' hlood j)rossuro as patients who were los.s 
tlian 25 jx'r cent overweight. 

Hypcrlcmion and childhcariny. We were iinahlo to relate the liypertcn.sion 
of women dialx'tic.s to pro\'inu.s childbearing. Wlien diabetic and control 
siibjcct.s were arranged according to size of family, it was found that those 
without children liad the .same average prc.ssure as tho.se with large families 
(Table 14). Our data also suggest (hat hypertension is not one of the factors 

Taui.k 14. Bi.ooi) PHS.sseuK in Rki.ation to MAUiUAia; and Purvun'.'; Cmi.DniOAniNC!. 

Data itio.m P'o.mi:n 4.5 Ykah.s ou Oi.uiat ,vt Tjmi; or On.si;t or Diahetks or, in 
THE Case or the Control Poi’Ulation, at Ti.me or E.xa.mination. Blood 
Pressure Readings Take.v .at P.vitent’s 1’ir.st Vlsit to the Clinic 


Dl.-ibetics j Controls 


Group of 





i" 
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Women 

No. in 

i Mean sj’stolic | 

No. in 

Mean systolic 


j group 

1 blood jiressure j 

grou]) 

blood pressure 



mm. Ilg 1 


j mm. Hg 

Unmarried 

22 

IGS.2±5.1 



Married : 

1 


13 

145.4+9.4 

No children 

34 

177.4 + 5.5 



1-3 children 

84 

171.0+2.9 

28 

143.2+4.3 

4-6 cliildren 

100 

174.3+2.8 

I 


7 or more children 

106 

175.1 +3.0 

28 

142.9+4.7 


There are no significant differences between the different groups of diabetics or be- 
tween the different groups of control subjects. 
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cnusitip (liahotos («> (ircur moro fn'qut'iHly in \vr)nu'n (han in nicn. The 
specially hii^h incidence of diaiictcs in iniddlc-a{i('(l wftincn is confined fo 
ntarricd women, and if this were ]>atlly <lue to hypertension, one would 
expect to find a larper ju'oportion of hyjierlensive eases and tl’.erefore a 
higl'.er average blood presstire among married than among unmarried di.a- 
betie women. 'J'able 1-1 shows that the mean blood j)ressnre is the same for 
married and unmarried diabetic women. 

Tur, ur.ur.nnwuY iwctou is i)Iaiu:ti:s 

The terms “familial” and “nonfamilial,” as iiscd in this paper, refer to 
whether or not a family history of diabetes was obtainable. Of 1)23 diabetics 
questioned, 23.2 per cent were found lobe familial cases (Table 15). On re- 


T.Mii.r. 1,"). IscincNcr. or I'amu.iai, Casks or Diaiiktcs 
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O 4 1 

; n 1 

41 Yc.ar.s u])war<ls 
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2.S 

Females: i 

Up to 40 years 

104 

.37 

3G |\ y 00 * 

i 23 1 

41 years u]) wards 

.54:i 

123 

* The percentages are significantly dilTercnt. 
t The percentages do not differ significantly. 




questioning 213 of them after they had been diabetic for more than five 
years, the figure obtained was 24.9 per cent, essentially" the same proportion 
as pre\’iously (x* =0.2S; P =0.7 —0.5). These figures agree with most other 
estimates of the frequency of known familial cases among adult diabetics. 
A group of 2043 nondiabetic patients and hospital visitors was als.o investi- 
gated; only 5.3 per cent of these had family histories of diabetes. This is 
significantly less than the incidence among the diabetics (x" =208.8; 
P= <0.01). 

Thus a history" of diabetes in the family" can be elicited in only" some 
cases. The proportion is highest when the disease begins early" in life and is 
lowest when it starts late in life (Fig. 2). This observation is supported by" 
the findings of Cammidge (27) and of Rudy and Keeler (28), but not by" 
those of Joshn, Dubhn and Marks (29). We shall now consider w'hether 
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this decline in llie. proportion of f;imili;il cases as a^e at onset advances can 
he related to any (if tlu' clinical f(*atnr(‘s of diahetes. 

a) Scvcrily. It is generally conceded that diahetc's in the yonng tends to 
be more severe than diahetes starting later in life, 'i'he dec^line in severitv 
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coincides with the fall in the frequcnc}' of familial cases, and it might be 
suspected that the mild cases of diabetes seen in elderly people were “non- 
familial.” However, when patients of comparable age were divided into 
familial and nonfamilial cases, it was found that the same proportion in 
each group required insulin for stabilization and that the same proportion 
in each group had ketonuria (Table 16). Thus there is no reason to suspect 
that nonfamilial diabetics are milder than cases known to have a family 
history of the disease. 

h) Obesity and hypertension. Obesity is common among adult diabetics 
and hypertension is frequent in middle-aged diabetic women (Fig. 2), and 
both might be considered as possible nonhereditary causes of diabetes. The 
relationship of obesity and hypertension to the hereditary factor was inves- 
tigated in two ways. First, the diabetics were arranged into familial and 
nonfamilial groups, and it was found that both groups had the same aver- 
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airo Mood jirc.'-smo and tin* same average woi^lil ('I'ahh? 10). Socondly, 
iniddlc-a^od dialndir woiniMi wcro jxnitipcd arrordinji lo dcprca of oho.^jity 
and according: to Mood inT.-snio fTaldc 171; the paiTcnlaf^C! of familial ca.‘;(‘.s 
was fonnd to ha cssi'ntially similar in the varitnis ^jronps. 'i'luMO is accord- 
indy no reason to snsj)i'ct that nonfamilial cases of diabetes occur with 
dispro])ortionate frequency amonp: obese or hyptadensive snbjccts. 
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* The pcrccnt:if;e' (to not ditTer sifinificaiitly. TIic patients were also classified into 
10-year ai;e f!;roiips and then arranged aceording to liody weight and according to blood 
pressure. The vahie.s of x' so obtained did not reach significance in any one decade or in 
the aggregate of decades. 


c) Previous childbearing. Family historie.s were investigated in women 
developing diabetes after the age of 44 3 ’’ears and in a control series of non- 
diabetic patients of similar age; both groups were arranged according to 
marital status and number of children (Table IS). In the diabetic group, a 
famil}’’ historj'- of the disease was less frequentlj’’ obtained from women with 
large families than from those with small families. This is not due to dif- 
ferences in the mean ages of the various groups (Table 8) : nor is it due to 
greater ignorance of the family historj’- among women with large families, 
for in the control group familj’’ histories of diabetes were just as frequentty 
obtained from women with large families as from the rest of the group 
(Table 18). It has therefore been concluded that some factor associated 
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with previous (‘luldbearing iueren.^^es IIjc frecfiUMicy of nonf.'imilinl caso.s of 
dinbclc.s, resullingiii a sniallcr proporlion of familial ca.ses among women 
^\i^h large families. Although such wonum hav(* a great(!r maximum bodv 
weiglit than women with .sinall families n’able 1 1), obe.sity is not the reason 
for (he larger j^roportion of nonfamilinl easels of diabetes among fertile 
women, for previous ehildbearing was found to a (Teel, the proportion of 
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* Although the value of x* the scric.*; is not significant, there i.s a significant dilTcr- 
ence lietween the frequency of familial case.s among all chihile.ss women (married as well 
as single) and the frequency among women with 7 or more children (x-=5.44; P =0.02 
-0.01). 


familial cases among women lundng the same degree of obesity (Table 19), 
Thus obesity is not the onty factor which increases the susceptibility of 
childbearing women to diabetes. 

Se.v linkage. Penrose and Watson (30) examined the relative frequenc}’' 
of diabetes in brothers and sisters and found that the disease had a definite 
tendency to recur in the same sex when more than one member of the sib- 
ship was affected. They concluded that some factor in the inheritance of 
diabetes was carried by the chromosomes determining sex. Among the 
families of our onn cases, there were 14 pairs of diabetic brothers, 54 dia- 
betic brother-sister pairs and 100 pairs of diabetic sisters. These data show 
a suggestive though not significant excess of like-sexed siblings (x^=2,79; 
p ^0 10 -0.05) which might be interpreted as supporting a sex-linked in- 
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liontoil factor m tliabofcs. 'I'lio oxiilanation of this cxocs.s of likr-Fo.xed f-ib- 
Hugs is. howovor. tuovo likely to be pr(»vi(l(Hl by social rather than by 
genetic factors. During HkiO .'kJ. deatli.'; nreiirring iti ICngk-ind and Wales 
were classifu'd according to social statxis (1”)) and in the ease of diabetes it 
was found that the highc'st death rale in males was in the ni)per classes, 
whereas the highest death rate in females wjis in the lower classes. This 
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* The frequency of familial cases is significantly different in the two groups, 
t The frequency of familial cases doc.s not differ significantly in the two groups. 


suggests that the sex incidence of diabetes is modified bj" .social status, 
namely that men form a higher proportion of cases in the upper classes than 
they do in the lower classes. Since the members of a familA’" tend to remain 
within the same social class, this means that the occurrence of diabetes in 
two brothers is favored in the upper classes and the occurrence of diabetes 
in two sisters in the lower classes. In a group of diabetics representative of 
all social classes one will therefore encounter pairs of diabetic brothers and 
pairs of diabetic sisters out of proportion to the number of diabetic brother- 
sister pairs found. This seems an adequate explanation for the small excess 
of like-sexed siblings with diabetes which our clinic proAudes. 
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Ifci c<hl}i (iiul (ujc n( otiKcL luoi occut’s in more tiuin ono nioin- 

bor of (lie s.'imc sibslnp, i( ofUm sinris in (-icli nf nboui Ihc s;inio (;^0). 
Jlius, on invesfignling.'^2.‘^ib-pairs, we found n highly sigiiifiennl correlation 
coenieienl. (-{-O.tihS) for ;ige al onset. I\alients are, liowever, commonly 
questioned within a few years’ of the onset of (he disease; in (he case of 
young diabetics, (his means (Imt siblings developing di.abetes late in life 
arc omitted. The data are therefon? biassed in favor of an association be- 
tween ages at onset. In an attempt to eliminate this fallacy, we considered 

'j'.MU.i; 21). .Vfii: .\t or ?)(,\nf;T(;s r.v J’.\ffts or SiuLisas 

(Only clinic cases willi ojjsof ;ifler -tt) years worn In (liis table (lie 

ap:o at onset of diahetes in tlieir sililinijs fi;roiij> A) is compareil willi 
the .* 1^0 of onset atnonfj faniiii;tl cases iti f;enenil (t^ronp ]{)) 


.A fairs 


I’emales 


.Afic .'it onset 
"iV-s. 


(irotip .A 
Xo. of 


(Irouj) M 


Xo. of 


(ironp A 
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(Jronp H 
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1 

.3 

i 12 

17 

•fl-.^O 

1 
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20 

i -17 

.71-00 i 

(! 

n : 

2() 

.7.3 

01 upwards 

1 2 

3 ' 

1 

2.3 

Up to -10 years 

1 

! 

20 1 

O 

1 1^7 

41 3 'ear.s uj)ward.s 

n 

2S I 

47 

{ 12.3 

X- test (one degree of 
freedom) 

o.iot 

; 


4.51* 


* Tlic two groups (lifTcr significantly in age (Hstribution. 
t The two groups do not differ significantly in age distribution. 


only the siblings of cases who developed the disease after the age of 49 
years (Table 20). If the age at onset in .siblings is related, then this group 
of elderly diabetics should rarely pro\ade siblings who developed diabetes 
when young. Our data show (Table 20) that diabetes starting in brothers 
of these elderly patients conformed to the gehei-al age distribution of the 
disease in male familial cases, nearly half ha\dnghad symptoms before the 
age of 41 years. On the other hand, sisters of these elderly patients pro- 
vided fewer young diabetics than would be expected on a random distribu- 
tion. This finding may not, however, be evidence of genetic influence over 
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llu' ;ip' at \vlucl» slart,^. OlluT factors may influence both meml)crs 

of a sib-]iair. 'I'lnis. nn-vions clnldhearinp ajipears In increase the snsoopfi- 
bility of women lo diabelc's after tl»ey liave reaelnal middle ape (Table 7). 
In the lower classes, families .are often larpe ajid sisters in this social grade 
might be exi>ecte(l oji this .account to iiave a spt'ci.al liability to develop 
diabetes in middle life. 'I'be elucidation of genetic infUiences on the age at 
which diabetes starts must accordingly await more comprehensive meth- 
ods for analyr.ing the tlata. 

ASSOCIATION or niAiir.Tr.s with othku knoociunk diskasks 

.About 2 to o per cent of jiatients with hyjierthyroidism also snfTcr from 
diabetes (I, ol). Since the thyrotoxic«)sis occurs mainly in young adults 
(112) this would apjiear to be a much higher frequency of diabetes than 
would be expected by chance (rf. Table :i). It must therefore be concluded 
that the two conditions are related. 

Of our loOO diabetics, lo (-1 men and 0 women) had hyperthyroidism; 3 
of these cases were diagnosed solely on clinical grounds but the remaining 
10 had sufTiciently detailed records to a.-^.^urc us that they conformed to 
the standards laid down by .loslin and Lahcy (33) for the diagnosis of the 
two diseases in combination. This incidence of hyperthyroidism in diabetes 
(1.0 per cent) is of the same order as that recorded by most other authoi's 
(1, 33, 34, 35), though some estimates are .slightly higher (31, 36, 37). Ac- 
cording to Joslin (1) the thyrotoxicosis starts cither before or at the same 
time as the diabetes in the majority of cases. If thyrotoxicosis was the only 
cause of diabetes in such ca.«es, one might expect that the combination 
would be most common at the age when thyrotoxicosis is most frequent 
and that a family history of diabetes would be obtained as infrequenth' as 
from nondiabetic subjects. The data of Wallace (32) indicate that in Scot- 
land the average age at onset of thyrotoxicosis alone is 30.5 j^ears. Our clini- 
cal data show that the average age at which diabetes starts is 45.1 years 
for men and 50.6 years for women. It is therefore interesting to find that 
the average age at which diabetes started in our thyrotoxie cases of dia- 
betes was 42 5 "ears for males and 43 j'ears for females. Thus the age inci- 
dence of diabetes associated with hjqierthyroidism is not notabl}^ different 
from that of diabetes alone, a finding which conforms with the observations 
of John (34) and of Joslin (1). Like Joslin and Lahe 3 ’^ (33) and Foster and 
LowTie (31), we found a family history of diabetes to be as common among 
the thjTotoxic cases as among other diabetics, but our cases are too few to 
carry much weight. The e\’idence is thus against thjTotoxicosis being the 
sole cause of diabetes in subjects suffering from both conditions. 

Frank pituitary disease was seldom seen at our clinic. Two patients uith 
acromegaly came for treatment of their diabetes and in one case of diabetes 
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]:iliiil;)ry h.-isopliilisin \v;is considorcd Jo Ih- prcscid. On (Ik* olhcr juuid, 
di.'ihetos is woll known In In* n noininon so(|nol to ncroniog.'ily. Thus Coggo- 
sli.dl Jind }?ooj (•'J'S) ff)und 20 dinholics niiiong Jod nisns of /icroniognly soon 
in ]\JnssMcJiusc{(s. 'I’iiis is of courso much loo liigh ;in infidcnirc of dinbcics 


to occur l)y clinncc. A fumily liislory of dinhclcs w:is ohlnincd from 21 per 
cent of (ho ;icromog;ilics with dinhedos (/.c., nhout ;is commonly ;is at .los- 
lin's diabetic clinic in Massachusetts (20)) and from only 2 per cent of the 
acromegalics without diabetes. Tiiis suggests (hat, as in (he case of thyro- 
toxicosis, acromegaly is not^ the only factor involved in (he production of 
diabetes, when the two diseases occur together. 


MisoKLLANnous iwcTOHs i.v TUK o.vsKT OF niAuirrus 

J ho infliKMice of infections on tin? onset of diabcdc's has been frcciuently 
discussed (see Marble, in .loslin (1)). Among our own p.atients, llo per cent 

'I'.vm.i: 21. Sia-sis .Vsscirr.vna* wrni 'rm; O.s'sr.T fu- l)tAui-.T!;s 
(tnmn I: Diiihi'tic paticiiD without (auc at oiis(>t of iliahotos) 

(iroup II; ('ascs wlierr srp.ds w.-is .-i;)pan‘nt)y associated wiili iwsrt of fJiahetes (age at 
onset of (lialictcs) 

(Iroup HI; (’oiis(;<-u(iv<! iioii<liaIic(ic patients a<ltni(lo(i to the sepsis warrls (age on 
admission) 
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.Mean age 
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Group 11 
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:i()l 

2() 

1 , 

yr.-. 

•11.7.') ;l0..S7l 
.70,. 70 

yrs. 

10.10 

( i 

1 .70t 

3.9S* 

Females: 

Group I 

! 

S2() 1 

.70.93 ±0.-I.7l 

1 1 

\ 

1.22 

0.G7t 

Group II 
Group III 1 

.>1 j 

2-19 1 

,72.1! ±1.93j 
31.:7o±I.02j 

1 

20.. 7G j 

S.G9* 


* Difference statisticallj' significant. 
t Difference not statistically significant. 


of the males and 6.0 per cent of the females were first found to be diabetic 
when suffering from some septic condition, usuall}^ a boil or carbuncle. 
Table 21 shows that nondiabetic patients admitted to the hospital on ac- 
count of septic conditions were frequently jmung people, whereas those in 
whom diabetes was also found to be present were mainly of middle age. 
This implies that, if infection does play a part in the onset of diabetes, it 
usually does so at the age when diabetes occurs most commonly and not 
at the age when sepsis is most frequent. Furthermore, of the 80 diabetics 



Janunrii, /P.J.'l 


Dl.\ni:TKS IX A SC'OTTlSll nAXlC 


73 


in whom the onset of dinlietes ,Mi)pan'nf!y coineided with a sej)tic j)roeess, 
IS per cent had a family history of dialu'tes, 'hhis rmurc cUk's not differ 
significantly from the. frequency of familial cases atnong other diabetics 
(x- = l.oS; p=0.S-0.2). 

In view of the recent cNjicrimental juoduction of dialx'fes with alloxan 
(30), and its possible implications in pjirine jnctabolism, it should be added 
that no case of gout has been encountered at our diabetic clinic. Gout is a 
rare disease in ^scotland, and its rarity appears to extend to the diabetic 
population. 


msor.ssiox 

From our investigation of Scottish diabetics and from an examination of 
the litcratiirc wc have concluded that certain features (a history of diabetc-s 
in the family, obc.sity, hypertension, large families, thyrotoxicosis, acro- 
megaly and perhaps sojisis) occur in combination with diabetes more fre- 
quently than tl’.ey should by chance. Since tl’.c.‘-e conditions are found carl}' 
in the cour.se of the disea.'-e, wc must consider what part they play in the 
causation of diabetes. 

In the first place, there is the hereditary factor. This can be established in 
only about a quarter of the cases but many authons assume that the other 
diabetics, though unable to trace a relative with diabetes, arc also heredi- 
tary cases. Do any of our ob.«crvations make this standpoint untenable? 
Our data show (Fig. 2) that, as age at onset increased, family histories of 
diabetes were less often obtained and this might be taken to indicate a 
growing number of nonhereditar}' cases of diabetes as age at onset advances. 
However, Joslin, Dublin and Alarks (29) give several reasons for belie^•ing 
that such a change in the proportion of hereditary cases may be apparent 
rather than real. We have also considered whether there is any reason for 
belie^'ing that obesity, hj'pertension, childbearing, thyrotoxicosis, acro- 
megaly and sep.si.s are nonhereditar}’’ causes of diabetes. If any one of them 
could act as such, one would expect the proportion of cases with a family 
history of diabetes to be unusually low among diabetics with that condi- 
tion. The data show that a family histoiy of diabetes occuired as com- 
monlj' among diabetics suffering from obesity, hj'pertension, thjTotoxico- 
sis, acromegaly or sepsis, as among diabetics who did not have these con- 
ditions. This indicates that, whatever may be the part played by these 
conditions in the causation of diabetes, they do not act as nonhereditary 
causes to any important extent. On the other hand, a significantly lower 
proportion of familial cases was observed among women diabetics with 
large famfiies. Before accepting this as conclusive e^ddence that a non- 
hereditarj'- form of diabetes occurs among fertile w'omen, it is as well to 
consider whether there may be any alternative explanation. One such ex- 
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phnKilioii is lh:i( tlu^ inlicril:iiH‘(? of di.'ihftos occurs lliroii^li s('\-cr.'il j^cncfic 
dofccfs Miui Ihjif cluldhciiriii/^ iucrcnscs (Ik' siisccpfihilil y of Ihc ir)dividu;il 
lo iiiluM-ifcd di.'ihclo^cnii! fjiclors which rio Mf>l often .'ip[H';tr (low pcftc- 
Irancc). A dc/inilc decision cnnnol he nrrived ;i( uilhenl furliun- work, hiil 
we shnil assume as a workinji; iiypolhesis thaf cases of diahefes occiirrinp; 
amon{j childbearing!: wonum are all based oji .an itdierit<‘d defect. 

In (he secoiul jilaee, we mns( consi<!er flie part pl.-iycal in the (hiolo^ry „f 
diabetes by (he fathers othtn- (lian lieredity. Sinetr none of thtist- factors 
(with (lu! possibltM’.vceptitm of chihlbeacing) appears to he .a nonhert'ditarv 
cause of diahetes, (heir relationship to diabetes may (akt? one of (iireo 
forms: i) that of a condition linked gtmetically t(» diabetes. Such a condition 
would be found in assoei.ation with diahetes hut wtaihi not incro.ase suscep- 
tibility to diabett's, jj) (h.at of a secontlary (.agi^ni v,ating) factor wliicli 
increases the .susetjptihiiity of perstms j)retlis{)os(aI to diahetes hy inher- 
itance. iii) (hat of an early r(‘sui( of diabetes. ‘Wt'sh.ali consider each feature 
of (he diabetic .'■•eparately. a) Investipif ions already referred to (17, J8, 19) 
make it probable (hat obesity is a factor in the causation of diabetes and 
not merely genetically linked t«) it or occurring as an early stage in the 
course of (lie disaaise. b) hh-om tin? ag(! of 'M) onwards, diabetic women were 
found to liavc a higher average blood pre.'-sure than a control population 
of liospital visitors (d’ahlc 12). It was concluded, however, that In'jicrtcn- 
.sion was not a sigjulicant factor in the causal ioji of diabetes in tins group 
of women. It is mo.st likely to be an early result of diabctc.s. c) Previou.s 
childbearing can only fall into the categoiy of a cau.se of diabetc.?. d) Evi- 
dence from animal c.xporimcnt.s .sJiow.s that thj'roid administration can 
provoke diabetes under suitable conditions of pancreatic impairment (40). 
Th^Totoxico-sis i.s therefore likely to increase susceptibility lo diabetes, e) 
The existence of a diabetogenic factor in (lie anterior lobe of the pituitary 
gland is widely acceiJted and it is reasonable to assume that this gives 
acromegalic subjects an increa.sed susceptibility to diabetes, f) The rela- 
tionship of sepsis to ihc onset of diabetes is difficult to assess. The well- 
known effect of sepsis in aggravating the severity’- of established cases of 
diabetes indicates that its occurrence prior to the oirset of diabetes might 
increase the indi^ddual’s susceptibility to diabetes. 

Considering these various etiologic factors together, we have tentatively 
divided them as follows: 

A) A hereditary factor or factors, fundamental to ^^rtually all cases. 

B) Factors increasing the susceptibility of pei'SOJis predisposed to dia- 
betes by the hereditary factor or factors: 

i) Obesity. 

ii) One or more factors associated with childbearing. 

iii) Minor factors (thyrotoxicosis, acromegaly, ?sepsis). 
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Thoro iiiiiy well bp other factors which iiicrcast^ susceptibility to diabetes. 
For example, several aiithors (:i and 41-10) have described a decline in 
sucar tolerance which ocenrs in both normal and obese members of the 
pmeral population with advatjcinp ape. The factors responsible for this 
have ajiparcntly not been invest ipated. 

snMMAUY 

1. Certain features of a proiip of IHOO diabetics liave been studied. The 
proup was considered to be repre.'^entativc of Scottish diabetics .‘^ince the 
sex distribution of cases corresponded to the sex distribution of deaths 
from diabetes recorded in the official mortality statistics for Scotland. Evi- 
dence is presented which justifies the u.'^c of Scottish mortality statistics 
for this purpose. A study of the incidence of diabetes in 413,110 Scotti.di 
recruits (male and female) suppested that in the peneral population the 
sex distribution of persons with nndiapno.«cd diabetes mipht not be the 
same as that of persons known to have the disea.^c. 

2. In both sexes the disease started most frecpiently after the age of 40 
years. The sex incidence was equal up to the age of 40; thereafter, female 
diabetics were much more common than male diabetics. 

3. The high frequency of diabetes in women of middle age was confined 
to married women and appeared to be related, at least in part, to prenous 
childbearing. The age at onset and the severity of the disease in this group 
of women were apparently uninfluenced by marriage and childbearing. 

4. The adult diabetics were no taller than the control group (hospital 
visitors). In the case of women diabetics the maximum weight was sig- 
nificantly greater than that of the control population from the age of 20 
onwards, and in the case of male diabetics from 40 onwards. In both dia- 
betic and control groups, married women were heaAner than .single women. 

5. The mean blood pressure was significantly higher in female diabetics 
after the age of 30 years than in the corresponding control group. This 
hj'pertension could not be adequately explained on the grounds of obesity; 
it was not related to pre\ious childbearing. 

6. Of 923 diabetics questioned, 23.2 per cent gave a family history of 
diabetes. As age at onset of the disease increased, positive famil}' histories 
decreased. There was no relationship between the presence of a positive 
family history and the severitj’- of the di-sease. The frequency of a positive 
family history in obese and hypertensive patients did not differ from that 
of the group of diabetics as a whole. In the group of middle-aged married 
women, those with the largest families gave the fewest positive family 
histories. It was considered that there was no proof of partial sex hnkage 
of the hereditary factor, and no conrincing eridence that the age at onset 
is determined by inherited factors. 
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7. Thyroloxirosis w.-is j)rcs('Ml in 1 par ront of llio cnsos, TIw .'ip:o .'if onsof 
in ilic.'^c c.'iscs w.'is siinilnr lo Unit in dinbotfs f^cncnilly. 

S. iScpsif^ M'lis .'issoci.'itod with (ho onsot of dialiotos in {> jk't oont of oases, 
bill the average age at onset was that for diabetes in general, and a family 
Iiistory of diabetes was olitained in IS jier rent of the eases. 

9, After oonsidering these d.at.'i, it was eonelnded that tlie efiologio fac- 
tors in Iminan diabeti's eonld 1)(‘ tentatively divided into 

a) A liereditary factor or bictors, fund.amental to almost all cases. 

b) Factors increiising tln^ susceptibility of pensons jiredisposed to dia- 
betes by the hereditaiy factor: 

i) Obesity. 

ii) One or more factors associated with childlu'.'iring. 

iii) I\Iinor factors (thyrotoxicosis, acromegaly, ?sepsis). 
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EFFECT OF H OEXTCJEXOTII EllA FY OX URIXARY 
17 -KETOSTEROlD EXCR.ETIOX IX AXKYLOSIXG 
SPOXEYLARTIIRITIS* 

ROLAND A. DAVISON M.D., PETICR KOl^TS, 

Ph.D..** AND WILLIAM C. KlIZELL, M.D.f 


From the Dcpnrtvienls of Mrdirinr, of OLftetrics nod (hjorrntogii, nnd of Phnr- 
mneologu nnd Thrrnpeuttr:^, Sinnford I’nivcrsitii School of 
Medicine, Snn Frnnrirrn, Colifornin 

F ew studies of urinary 17-ke(ostcroid excretion have been made in 
rheumatic disease. Fraser and co-workers (1) found diminished excre- 
tion in a IG-year-old female with rheumatoid arthritis. Chou and Wang (2) 
reported low values in rheumatic fever. In 7 males with rheumatic disease, 
Forbes and associates (3) found the average excretion to be 7.d mg. in 24 
hours, with a range of 2.7 to 11. .7 mg., and in females an average of 4.5 mg. 
with a range of 1.2 to 7.S mg. I>ow excretion is found in malnutrition, 
anemia, luTiothyroidism, panhypopituitarism, Addi.son’s di.sea.se, and 
chronic debilitating disea.scs (1, 2, 3, 4, 5), wlierea.s high excretion occurs 
in carcinoma of the adrenal cortex, hyperplasia of the adrenals, masculiniz- 
ing ovarian tumor.s, hirsutism of females and in Cushing’s s>aidrome (1, 
G, 7). 

Although ankylosing spondylarthritis is a chronic debilitating disease 
accompanied by malnutrition, anemia, and pronounced muscle wasting 
in its advanced stage, we have found increased urinary 17-ketosteroid ex- 
cretion in all of 13 males lla^'ing this di.sca.se (S). Our studj’ of 17-ketoster- 
oid excretion has been extended and the results are reported in this paper. 
Since roentgenotherapy exerts a pronounced beneficial effect on the course 
of the disease in these patients (9, 10, 11, 12), giving relief of sj-mptoms, 
abatement of objective phj'sical findings, and improved well being even in 
advanced cases, observations were made to determine the effects of roent- 
genotherapy on 17-ketosteroid excretion during the course of such treat- 
ment. The cases studied comprised 31 males and 4 females. The majorit 3 ^ 
were patients in the outpatient clinic of Stanford University Medical School; 
a few were private patients. Five males and one female were Arm}’" per- 
sonnel pro\ided by Major Potter, all of whom were examined by one 
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of iis (U.D,). I’our \v(>r<' Nnvy j)cr.<oruicl uliosf! rcc^ords .'irui rofol^^ono- 
gnims wore niiulo !ivnil:i1)]o to ns by CtorntJuindor ('nttlo. 

The oecninif ions of lln'so |)!ilienls were vnriod. 'I'lio ngos nuigorl frf)ni 10 to 
‘j.'-t yoMi's; {Inmlion of syinploins from lo.ss llnm one, to (wonly-six yonrs. 
J wo of the p.'itionis {(’iisos HI) .'un! ^5) Inid roonigonol lu‘r.'ij)y prior to our 
ox.'iininni ion of ( hem. d'lw' disonso showed nil grades of n(‘t ivily ; in f hroe pn- 
tienis it niii)enred to bf> relatively inactive: in the n'lnaijider, including 
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"Avomcjc for normal molr * 
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CASE I 2 3 4- 5 6 7 6 9 » (112 15 14 15 {6 f7 18 M 20 2J 22 23 ?4 25 26 27 X8 21 30 51 52 53 34 35 

Fio, 1. Urinary excretion of IT-ketosteroids (tn>:.) in 2-1 lioiirs in males ami 
females wifli ankylosing spomlyiartliritis. 


those with histories dating back many years, there was objective evidence 
of active disease. The nutritional state varied from excellent to poor. The 
clinical status of the individual patients is given in Table 1. 

Roentgenograms were made of the sacroiliac joints and the entire spine 
in all patients. Roentgen ray findings (recorded in Table 1) indicated posi- 
tive evidence of the usually accepted changes characteristic of this disease. 
The urinary 17-ketosteroid excretion in milligrams per 24 hours is given in 
Table 1 and presented graphically in Figures 1 to 6. The method of deter- 
mining urinary 17-ketosteroids was adapted from that bj'- Robbie and Gib- 
son, and described in our preliminary report (8). The x-ray therap 3 ^ con- 
sisted of 6 daily treatments in each course. The cervico-dorsal and lumbo- 



JanjKirti, 


Kl'.TOSTl'.HOin r.XCHl/nON 


areas were treated (m alternate days \isinp the fnllowinp factors; 200 
KV; 20 inillianips; 70 ein. anode skin tlistanee; 1.0 nun. copper, half-value 
layer: and 1.7 XS cm. area of the averape field treated. 'I’lieso cour.«cs of 
thera]\v were rejieated in one month and apain in three months. 

1 T-KKTo.srr.uoii) kxcuktio.v 

The averape urinary 17-kelosteroid excretion in 2-1 hours hy normal 
males is 1-1 mp.; by females, aiijiroximately 10 mp. (2, 8, 13, 14). The av- 
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Fig. 2. R.P., case 9. Daily estimations of 17-ketosteroid excretion 
before, during and after roentgenotherapy. 


erage excretion by the males in the spondylarthritis group was 26.7 mg. in 
24 hours (Fig. 1). High values were observed in patients before and after 
roentgenotherapy. Only when there was great malnutrition and a gen- 
erally poor physical state (W.G., case 25) did the excretion fall to low val- 
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lies. Wlu’.n iinprovc'd rlinienlly follDwinp; roenl^enotheraiiy, his 

cxe.rclioii increased lo levels wi’ll above normal averaj!:e> ( Fiy. d). Patients 
wlio .showed few signs of clinical activity and slow progression of the disease 
liad levels which could be in the range of noriTial exendion values. Patients 
with evidence of rajiidly jirogn'ssing disease, evim when the history indi- 
cated short duration, h:ul ratlu'r high exerction v.aliK’S. 

case !K /'{{litre depitds th(' daily 1 7-ketosteroid exeridion over a 
period of .seventy days in this 2.'>-year-old male who had been ill for less 


R.P 

Case 9 



Fig. 3. R.P., case 9. Composite of Figure 2 sliowing 17-ketostcroicl 
excretion in relation to days of roentgenotherap}’. 


than a year but was rapidlj’’ progressing to total invalidism. He had com- 
plete obliteration of the lumbar lordotic curve, marked spasm of the erector 
spinae muscles, great limitation of spine movement, chest expansion of 
one-half an inch, and the characteristic gait of such patients. Hoentgeno- 
grams showed evidence of the disease only in the sacroiliac joints. Upon 
completion of the first course of roentgenotherapy sjmiptoms were com- 
pletely relieved, spinal movement became free, and chest expansion in- 
creased to three inches. Increased 1 7-ketosteroid excretion occurred the 
■ day preceding roentgenotherapy, coincident with anxiety and extra physi- 
cal activity, a phenomenon which has been previously observed. A pro- 
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So 
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mniiicoil full ill I'xrn'tidii nriMirn'd roijiridcnt siflc tiffocls of Ihc 

1 rt'at nil’ll' : naiisi’n. coiiMMiucnt inactivity of the patient, diininiHliod fluid 
and food intake. 'I'lie mine volume durini: that 21 lioms wa.’; only 7o0 cc. 
after a pivvious aver.am' of l.’itH) ee. ('hou (2) and I’orhes (2) have com- 
mented on the vari.'diility of 1 7-ketosteroid excretion in sirk individuals 
romjiared with the relative, eon^taney tif excretion hy normal pensons. 
Figure .2 .‘^how.'- avenigi's of exeri'tion for .‘Several ron.’^eeutivc da.y.'^ in ]l.P. 
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Fir,. ■}. W. G., ca=c 2o. 17-Kcto«fcroid excretion before, during .and after 
rocntgonotlicrapy — l.oO rliegma? (skin roentgen?) on days shown. 

These block out the daily variation.s and thereby give a better picture of 
the serie.s of event.? in Ca.^e 0. 

TF.G. (co.se 25, Figure Jt) wa.s admitted to the ho.spital bj'^mbulance. 
He was unable to walk, had .?cvere malnutrition, muscle atrophy, spinal 
rigidity, and mental deprc.ssion. Roentgenograms showed advanced 
changes characteristic of spondylarthritis throughout the .spine. As Figure 
4 demonstrates, the initial urine content of 17-ketosteroids was only 10.5 
mg. in 24 hours’ excretion. Lower levels of excretion followed roentgeno- 
therapy. Clinical improvement and relief of pain resulted from the first 
course of roentgenotherapj', and 1 7-ketosteroid values returned to levels 
above the average for normal males. 

L.iY. (case 7, Figure 5) : In this patient there appeared to be no increased 
17-ketosteroid excretion following the roentgen stimulus. The variations in 
excretion furnished no conclusive exddence of x-ray effect. No urine speci- 
mens could be obtained between tbe second and third courses of roent- 
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thritis. The moderately high 17-ketostcroid excretion was enhanced initiallj^ 
coincident with roentgenotherapj'- and a further increase occurred during 
the second course of treatment. 

In each of cases 12, 15, and 31 urine specimens were collected and pooled 
for three days. Estimations were then made on the total amount, and the 
average excretion for a 24-hour period was calculated from the result ob- 
tained on the pooled specimen. No graphs are presented of these studies. It 
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can be said, hnwovc'r, that llio iialionf in ease 12 showed an average excre- 
tion for lliree days ]neeeding roentgenotherai)y of 8-1 ing. in 2-1 liours. 
During the first three days of roentgenotherai)y, tlie urinary excretion of 
17-ketostoroids averaged :i2.r) jng. The siiceeeding .'l-day pools averaged 
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Fig. G. 17-KetostoroicI e.xcrction before, during and after roent- 
genotherapy — 150 rhegmas (skin roentgens) on days shown. 


24 mg., 32 mg., 26 mg., 37 mg., and 29 mg. At the end of the first course of 
treatment and during the following three weeks no definite improvement 
in sjnnptoms occurred; nor was there any lessening in severity of phj^sical 
signs. Stiffness and muscle spasm continued. G.E., case 15, had an initial 
17-ketosteroid excretion of 34.5 mg. in 24 hours, although the patient was 
acutely ill and had a hematocrit reading of 38 per cent and a corrected 
sedimentation rate of 35 mm. at that time. Roentgenotherap}’’ was given 
everj'^ other da 3 ^ The 17-ketosteroid excretion after the first treatment in- 
creased to an average of 42 mg. in 24 hours for the three-day pool. How- 
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ever, nficr tlirop l.rcnliiK'iiis, oxrroDon fell |o llio prelrenlinont. level, 
and (hen In 13 mg. 

SItMMAUV 

Urinary .1 /-kelnslc'roid exeridinn was fomul Dj he inerc'.'iscal in spf)n- 
dylarllirilis of the .ankylosing type in holh tnak? .and fem.ak* j).afien(s. 

High values eonlinued for long peri<ids of time and .apj)rf>.aelied lower 
levels only when the patient reaehed .a st.at<> of exli.austion. Hoiuitgraiother- 
apy seemed to provick' a st imuhis f<jr inere.asod e.veretion follow((d hv ,a rela- 
tive (leere.ase. }'k)llowing the ro(aifgeno(her.a[)y the v.ahies returned to liigli 
levels although the .‘symptoms .and .dgns of the distaasi? had .ah.atod. 
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THE EFFECT OF VITAMIN E IN THE MENOPAUSE 


IHTA S. FINKT.ER, M.D. 

From the Deportment of Kndocrinotooy. Xetrnrh Ikili Ireoel noapilal, XerrorJ;, Xeic Jersey 

T he vaUio of pstropons in tlic trcatinont of (he symptoms of (he meno- 
pausal syndrome is firmly est ahlishcd; however, as is well known, 
there are several contraindications to their use. For instance, most clinicians 
believe that estropenic therapy .should be avoided in the treatment of 
women with a familial or personal history of mammary or genital malig- 
nancy. Furthermore, in patients who arc .‘^iifTering from prccanccrous le- 
sions estrogens seem contraindicated. In such cases and when .sedation 
fails, physicians must resort to other thcrapciitic agents. 

Tc.stostcrone compounds (1, 2) and a synthetic vitamin E preparation 
(3) have been employed. Since testosterone propionate has not been effec- 
tive in our experience, we decided to determine the merits of .synthetic 
\'itamin E in combating the symptoms of the menopause. 

It is the purpose of this paper to report our observations. 


MATERI.M.. -\KD .METHOD 

Sixty-six menopausal women whose ages ranged from 35 to 68 years were 
studied. The patients presented themselves with the usual train of symp- 
toms such as hot fla.she.s and sweats, vertigo, headaches, parasthesias, fa- 
tigue, insomnia and nervousness. In 59 of the women it was deemed ad\'isa- 
ble to avoid estrogenic therapy becau.se of the clinical findings or the his- 
tory. Vitamin E* therapy therefore was instituted (Table 1). 

In the remainder of the patients there was no contraindication to the use 
of estrogens, and ^'itamin E was administered either preceding or folloMung 
estrogenic therapy for the purpose of comparing the results. 

The daily dose of \’itamin E ranged from 20 to 100 mg. : the average was 
30 mg. in diAuded doses. Therapy was continued for periods ranging from 
ten days to seven months, M-ith an average duration of thirty-one days. 
The total dose of ^^tamin E administered ranged from 280 to 6,300 mg. 

In order to rule out a psychologic influence, placebo tablets simulating 
the vitamin E tablets in all respects were substituted in 17 cases. 

Vaginal smears were studied in 45 patients Math the purpose of deter- 
mining any possible hormonal effect on the vaginal epithelium. 

Received for publication June 17, 1948. 

* SjTithetic ^utamin E, in the form of tablets of Ephjmal Acetate, 10 mg. each, were 
supplied through the courtesy of Dr. Elmer Se’VTinghaus and Dr. Leo Pirk of Hoffmann- 
La Roche, Inc., Nutley, New Jersey. 
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(Vrvicsd jiolyji .'iiid oinioms'trini iiyporpl.-isisi ! 

Advsinrod 5ij;e ((iO-OS’ years) 7 

I.osikoplaki.'i vtihvso 2 

Nnirosmssosslisr slistsirli.-isiccs ;{ 

J'n'jiK'fiopniis.'d sl'itc Si 


nrc ii.s exct'lh'nf, good, f;ur or missili.sf.'icfory, .'K’cofditig lo definite 

.‘Standards. The rc.^iJonse u-e.s considered e.\cell<?nt winni there w.'is complete 
relief of .symptoms tittd an .'idded .sense of well-being: results were classified 
ns good when there was almost complete relief of .symj)loms and :i moderate 
.sense of well-being; and ;is fair when (here was only j)arti;d relief of .symp- 
toms. When no relief was obtained, the results were termed unsatisfactoiy. 

As .seen in Table 2, 31 patients or 47 per cent obtained good to excellent 
re.sulis; IG or 24.2 per cent obtained fair relief, and H) or 2S.S per cent were 
not benefited. Among the latter there were o ])aticnl.s wlio complained of 
aggravation of sjmiptoms. In t wo others side elTects occurred, which con- 

RESUI/rS 

The results obtained with vitamin E therapy arc listed in Table 2. Thej’' 


Table 2. Results Obtained ix OG iMENOPAu.SAL Patie.vts 
Tbeatj-id with Vitamin E 



No. of 
patients 

Per cent 
of patients 

Excellent 

5 

7.6 

Good 

2G 

39.4 

Fair 

16 

24.2 

Unsatisfactory 

19 

28. S 
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sisfcd mainly of ocular .symjitoms (Inirninfi of the eyes, spots before llic 
eyes, blnrrod vision and heaviness of the eyelids). 

Two illustrative cases are ])resentod; one demonstrating: the beneficial 
iTsidts of vitamin IC therapy with jdacebo control and the other, the failure 
of vitamin lil therapy. 

Cose. E.]V. (Xo. SI it) Table .'5), a -IS-year-old married woman, was seen 
on July 22, 1017 with the chief comidaints of hf)t flashes, sweats and head- 
aches of four years' duration. These followed the use of radium for cervical 
carcinoma and were increasinpi; in intensity to the point where they were 
occurring S to 10 limes daily. Phy.^ical ex.nmination findings were normal 
and revealed no evidence of the previous cervical carcinoma. Vaginal 
smears were also free of carcinoma cells. Due to the previous history of 
carcinoma, estrogenic therapy was contraindicated and therefore the pa- 
tient was placed on synthetic vitamin E therapy, 10 mg. t.i.d., p.c. Within 
a week the patient reported improvement in the severitj' and decrea.se in 
the frequency of the .symptoms. When the medication was increased to 20 
mg. t.i.d., there was a complete disappearance of her hot fla.shes and 
.sweats. After five weeks of vitamin E therapy, it was decided to substitute 
placebo medication in order to evaluate the role which psychogenic influ- 
ence might have played. There was a prompt recurrence of her original 
complaints within a week. Rc-institulion of vitamin E therapy once again 
caused a subsidence of the complaints. 

Case Y.F., a 43-year-old unmarried woman, was seen on August 14, 
1947, with the chief f'omplaint of hot flashes and sweats of two years’ du- 
ration, following the use of radiation therapj' for a uterine fibroid with 
meno-metrorrhagia. Although estrogens had controlled these menopausal 
symptoms, this medication had to be discontinued periodicalh’’ because of 
recurrence of moderate bleeding. Vitamin E (10 mg. t.i.d.) was admin- 
istered for two weeks. Although the bleeding stopped, hot flashes and 
sweats recurred. An increase of the dosage of vitamin E to 20 mg. t.i.d. 
for another three-week period also had no therapeutic effect. Vitamin E 
was discontinued and sedatives were substituted, with partial relief of 
s^Tnptoms. 

Those patients who benefited from ^’itanun E therap}’’ and who later dis- 
continued the medication experienced a recurrence of all their symptoms 
after a period of from three da3"s to one month. Reinstitution of \'itamin E 
therapj'^ resulted again in relief of sjTnptoms. Placebo medication was sub- 
stituted for the Autamin E preparation in 17 patients who had obtained 
good results from \’itamin E therapy. All had a recurrence of sjanptoms and 
relief ensued when ^^tamin E was reinstituted (Table 3). It is important 
to note that 3 patients who were not included in this series continued to 
claim good results vith inert material, after ■\dtamin E was withdrawn. 



92 


HIT A H. FJNKLER 


Vofumc 0 


Taki,!: 2. Krri:(rr or 1’i,aci:jio .Stnisrm!Ti»>N' is 


17 pATtr.N’Ts 'ri!i;ATi;r) uTrji ViTAMr.v K 


C.ifp 

Xo. 

Ajrn 

Yrn. 

Sytnploiii" I 

1 Vitamin 11 tbrrnpy 

' 1 ' 

1 . . ! Tt'Vat i 

1 j amount | 

i '■ 
1' 

! Dtirnfioo 

1 

lArrlKj fhrrr^py 

lirittUfl 





*nt:. 



1 

1 

/If' 

A.M. 

(>.8 

Ifo! Jln.'ilicrt. #;urnl-’s. r)iilh 

S months 

tfiOO 

JXr.'lIrtlt 


I Itrrnrrenre of symp- 
1 totm< 

fir 

K.M. 

•IS 

Hot nirnofrhftr*^ 

arris 

•tTO 

(Joo<l 

a 

1 

0 

/IS 

HA’. 

•l.T 

1 

Hpn<lnrliri, linl vrf* 

tirf. tiJrnorrlinri.'' 

n Urrk’i 

ivtn 

Good 

• 

lirriirrenrr of .■symp- 
todis on 3 diffrrrnt 
orr.a'.iom 

f-’O 

C.M. 

•IT 

Hnt f.Urnl*t, Ijr.nrl- 

! nrlir-i ■ 

1! ttirkn 

420 


a 

Hrrtirrrfuv ^ymp- 
t^Urin 

fOl 

G.S. 

•19 

Jfot fla'ihn, Vrflifjo. | 

1 | 

♦C UrrL'i 

900 


a 

0 

/:’.•! 

K.V. 

: -O' 

I!ol ^w^rvin j 

2 urrls 

420 

Good 

0 

0 

/:{0 

K.I>. 

At 

Jfot 1 

1 

7 

2910 

( tOCxl 

0 

0 

f.ll 

K.W. 

•IS 

llfil 

tli.ntion) 

^ urcV.i 

ir.st 

I'.xcrllrnt 

1 nrek 

0 

/na 

K.H. 

AO 

Hot (l.i.'Iir.i, tii-.n(I.icli<'.'<, vcr- 
tico 

•1 wrelfl 

1290 

Tnir j 

i 

j 

’J 

M 

/37 

HAV. 

AO 

ll<il n.n.-.lic.^, .'iwoatB, minili- 
no.<. lic.’id.'iclici 

3 j 

6.30 

I'nir 

• 

» . 

fSS 

r.z. 

AO 

Hot n.a-ihci 

1 

! 

3 j 

030 

Good 

i 

« 

8 

>39 

A.M. 

•IS 

Hot fln.Blie.B. ho.id.'iclio.B. cry- | 
iiiK si'cll.'i (itoslradintioii) 

2 nrrk.s 

420 

Good 

• 

8 

-'•J3 

ll.J. 

A9 

Got fiasIie.B 

4 wcck.s 

SIO 

Good 

■ 

8 

/55 

H.V. 

AO 

Hot fla-dics, tie.adaclio.'i, fa- 
ticuc, parastlicsia, emotional 
disturbances 

3 weeks 

030 

Good 

M 

8 

/58 

K.B. 

40 

Ilcadacbcs, /nsomnia, dysp- 
nea, mcnorrliaKia 

0 weeks 

i 2520 

i 

Good 

« 

8 

f59 

G.G. 

46 

Hot flaslics, sweats, Iicad- 
aclics, insomnia, parastlicsia 

3 weeks 

030 

Good 

8 

8 

m 
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Pljysicnl examination revealed noehanpes in the hrcasls or the ulcru.s in 
any of tlie patients. Similarly, no effect on the v.-ifiinal epithelium was de- 
lected by stiidyinp the vaginal .‘;mear pieture according to the method 
develoiK'd by Papanicolaou. Therebwe, with this tyi)e of therapy, the 
vaginal smear cannot i)e jjtiiized as an index of (he (henipeutic effect. 

ni.scvssioN 

As mentioned previously, a familial or personal history of malignant 
disease constitutes a contraindication for the use of estrogens. Also, it 
.^cems wise to avoid (hem in i)atient.s with prccanccrous conditions with 
uterine fibroids, cervical jinlyps, fibroadenomata of the breast or chronic 
cystic mastitis. Furthermore, (here arc women in whom the menopausal 
.‘syndrome is characterized by meno-metrorrhagia; and women in whom the 
administration of follicular hormone produces vaginal bleeding. In the.se 
groups also, estrogenic thcrajiy should not be employed. In addition, it has 
been reported (4) that patients of advanced age (past 00) may develop 
pathologic tissue changes under the influence of prolonged estrogenic ther- 
apy. Finally, in that group of jiatients with menopausal vasomotor disturb- 
ancc.s who .still have normal cycles, it i.s inadvi.sable to woe estrogen.s because 
of the danger of producing prolonged irregular menses. 

Christy (3) was the first to use vitamin E in the menopause. He employed 
this therapy in an attempt to relieve menopausal discomfort in 25 patients 
with a definite diagnosis or a strong .suspicion of neoplastic disease. Accord- 
ing to him, “the entire group of ca.'^es rc.sponded to the treatment and 
showed either complete relief or very marked improvement with less fre- 
quency and less severity of the hot fla.shes and drenching penspiration, and 
a definite change for the better in their mood and outlook.” Christj' also 
states that in some of the cases relief of vasomotor instability was more 
easih' obtained with the use of \'itamin E than with the estrogens. TMiile we 
are in agreement with this investigator that \'itamin E constitutes a valua- 
ble means of controlling menopausal symptoms, it certainh" is not effective 
in all cases as can be seen in Table 2. We also feel that estrogens give more 
rapid and more complete relief than \'itamin E in most cases. This observa- 
tion was made in the 7 cases in which xntamin E was administered either 
preceding or following estrogens for the purpose of comparison. However, 
^^tamin E therapy is the medication of choice in cases in which the use of 
estrogens is contraindicated. 

SUMMARY AND CONCLUSIONS 

1. A^itamin E therapy was instituted in 66 selected and controlled pa- 
tients who complained of the characteristic vasomotor sjTnptoms of the 
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mcno]):niso. (^»f)o(l io cxcrlU^nl rcsnlls woro in wonion, nnd fnir 

results in Ki. In It) jintie.nis the treat inent wiis iiudleetiuil. 

2, Disenntiiuuuu’e of tlie vilninin K prejinnilion was attended hy j)rornj)t. 
reenrrenee of symiitoins witli reli(‘f restilfing apiin on reinstitntion of the 
medication. 

8. .Snl)stilntion of j)lae('l)() medication for the vitamiti K ])reparation in 
17 iJatients caused a reenrrenee f)f sym])toms, 

•j. No clianpes in the breasts, ntenis or vaginal (Epithelium were noted 
during vitamin JO therapy. Side elTecls wviv ru'gligible and there w(!re no 
contraindicatimis to its use. 

0 . Vitamin 10 is a valuable aid in the tn'atment of menopausal pati(!nts 
in wliom estrogens are contraindicated. 
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A KAPiD colorimetric; method for the 

DETERMINATION OF SODIUM IN 
BIOLOCHCAL FLUIDS 

JOSEPH W. C'.OLDZIEIIER, M.D. and 
CHLRERT C. H. STONE, Pii.D. 

From the Rfrenreh Division and Kndocrinr Clinic, St. Clare' s Hospital, Xrw 
Yorl: and the Deportment of Chrmistn;, the Citii College of Xeir York 

T he clinical imi)oi lance of .‘^odium mclabolisin becoinc.s increa.singR' 
evident with every year. However, wide.'jpread invc.‘Jtiga(ion in thi.s 
field has been severely restricted because of the absence of a generalh' use- 
ful method for sodium determination, i.c., one which reqnire.s no specialized 
equipment, unusual technical skill, or great expenditure of time and which 
may therefore be fitted into the routine of the general clinical laboratory'. 

The speed and .‘■ensitivity of the flame photometer, for instance, are 
largely ofTset by its capriciousne.s.s: the problem of flame stability' has not 
yet been overcome, with the re.sult that the reproducible accuracy' in expert 
hands is only' o to 10 per cent and that “frequently' an hour or more is re- 
quired to establish conditions of equilibrium for the desired range of con- 
centration” (1). Also, the cost of .such instruments at the pre.sent time may' 
be prohibitive. A .sensitive nephelometric technique has been described (2) 
but this seldom-used method also requires an instrument which is not com- 
monly' available. Purely chemical methods arc based on the formation of 
relatively' insoluble acetates of sodium with uranium and zinc or uranium 
and magnesium, having the formulae NaZn(U0:)3(CH3C00)s-9(?)H;0 
and Naj\Ig(UO:) 3 (CH 3 COO)o -9(?)H;0. ^Modifications (3, 4, 5) of the older 
graUmetric technique for mea.suring the triple salt have speeded up the 
procedure, though sometimes with a great sacrifice of sensitiMty' (4). The 
otherwise excellent method of Consolazio and Dill (.5) requires a.shing, 
which is a long and tedious proce.ss. 

All these chemical methods are limited by' the same basic obstacle, 
namely' the low color intensity' of the sodium triple salt. Recognizing this, 
color intensification with potassium ferrocy'anide (6) has been attempted, 
but the ferrocy'anide reaction has been criticized repeatedly' as being highly 
susceptible to changes in temperature and to excesses of the reagents. The 
use of ammonium thiocy'anate (7) serves only' to stabilize the color of the 
triple salt, but has no intensify'ing action. 

In 1929 Rosenheim and Daehr (8) found that an intense yellow-to-red 
color was produced by' the action of hy'drogen peroxide on alkaline solutions 
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of tlio virMiiyl ion. i(';u’lion .^judintl hy Arnold ,'ind Pr.'iy (0) who 
found lluii it foll<nv('d Jh'orV Iiiw nnd wn.^; {liorofon- .^nilnhlo for runnifiln- 
(ivc spool ropliotonu'lry. In llic (!oui>p of our invc.sfipilion wo wcnc^ .01)10 fo 
oorrol)ornlo (his nspoot of liioir work. I'lvon (hotigli (lu; (‘xiiol luihiro of llio 
liydrnlod uninyl (»xido ion in nlk.-dino .*<01011011 is unknown, i( h;is boon pos- 
siblo to us(' i( in dovoloping .‘i nipid nnd oxlronu^ly siuisitivi' ooloriinolrio 
niotliod suit:d)I{' for liiologio.'d fluids. 


MKTnon 

Jfrngrnls 

1. Unuiyl y.iiu- arotnto nowoiit. .Vtlii 77 (tin. of iinmyl !ic(!l:i|(: 0) 7')0 ml. riistillorl 
walor anil M ini. ^lal'ial arotir arid wliich liavo lirrn lirafni nr.irly (o Ijnilint;. To {Iii.'< 
niixtiiro i.'.- added L’.'D (Jin. of rinr arolafe, divided into tiveor.s'i.v [lorfioni.. witfi fref[(iofit 
stirrinti. I'inally. 7 ml. of ularial arelir ariii is added and the soinfinn is .allowed to eonl. 
After eoolinu. die re.'went is diliiti'd to ! liter with liistilled water and 20(1 ml. of 0.') per 
rent ethyl .aleolioi is addl'd. 'I’he solution is refrigerated overnit:ht. liltered. and is then 
ready for use. 

2. Sodium triple salt. 'I’o 10 ml. of the ahove solution is added an exress of a roneon- 
trated solution of sodium chloride. 'I’he {)reri|)itate is collected hy tiltration, w.ashod five 
times with frlacial acetic acid and five times with ether. 

Wash reaiient. .V solution of 12.") ml. of O.a per cent ethyl alcohol and 7.*> ml. glacial 
acetic acid is saturated at room temjierature with the sodium triple salt (see above). 
This solution is kept in !i brown bottle. 

•1. A saturated solution of mercuric chloride in 0.7 per cent ethyl .'dcohol. 

.7. A saturated a<iuenus solution of ammonium carbonate. 

0. A .'?() j)cr cent solution of hydrogen peroxide (“Superoxol”). 

7. Powdered calcium hydroxide. 

FiUralcs 

1. Urine. To ajiiwoximately 10 ml. urine add 3 drojis of mercuric bichloride solution, 
shake and let stand for a few minutes. Then add a siiatula-tijifui of calcium hydroxide 
powder, shake well, then filter. 

2. Serum. To 3.0 ml. of 10 jier cent trichloracetic acid add I.O ml. scrum, dropwise. 
Shake, and centrifuge or filter. 

Procedure 

Pipette 0.2.7 ml. of the urine filtrate or 1 ml. of the serum filtrate into a 15 ml. centri- 
fuge tube and add 5 ml. of the uranyl zinc reagent. Mix by twirling the tube and allow 
to stand for 20 minutes. The tubes should be agitated briefly at least twice during this 
interval. Centrifuge at high speed for 7 minutes, then decant the supernatant fluid and 
drain for 1 minute. Expel 5 ml. of the wash reagent onto the jirecipitate, washing down 
the sides of the centrifuge tube during the process. Centrifuge for 7 minutes, decant and 
drain. Dissolve the remaining precipitate with a few drops of distilled water, add 6 ml. of 
the saturated ammonium carbonate solution and 1 ml. of the 30 per cent hydrogen per- 
oxide in that order, and dilute to 15 ml., or to 25, 50 or 100 ml. by transfer to a suitable 
volumetric flask with washings. The appropriate final dilution (i.e., 15,25, 50 or 100 ml.) 
depends on the sensitivity of the colorimeter to be used. The correct dilution for the 
individual instrument is the one which gives to the desired range of values the greatest 
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sprcnd on tlio motor or dinl of (lie instnimonl.) Mix bj' inversion and rend in the colorim- 
eter nsinpn filter vitli maximum transmittance at •115-J30 mfi. 

i:X I'KHl M KNTA h DATA 

Ahsnrpfiou spcclruiu 

Tlic absorption spectra of two difTcrctit concentrations as determined 
with a ]k'ckman spectrophotometer model DU arc shown in Figure 1. 
Tlicsc curves arc quite difTcrcnl in shajie from those of Arnold and Pray, 
who found transmittance minima in the region of dOO to -IGO m^t. The curves 
obtained by us show no minima even though measurements were carried 
almost into the \d(ra violet. This difTcrence in the absorption spectra is in all 



probability due to the different dilutions employed by Arnold and Pray and 
ourselves. Their two curv^es represent 0.3 and 1.3 mg. of sodium respec- 
tively whereas ours, recalculated in terms of their technique, represent 
0.09 and 0.0225 mg. On the basis of Figure 1 it is e^ndent that the shorter 
the wavelength (in the vnsible region), the greater the sensitixdty. For 
practical application in colorimeters, filters with a maximum transmittance 
in the region of 415 to 430 m;t are readily available and have been found 
entirely satisfactory. 
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A onlilmiliori (Mirvc shown in Kipniro 2. C’nlihniliotjs linvc nlwny.s boon 
carried ou( hy prccipilalinp; ai\d dcvclopinfi: s(aiul!\r(l sohilions of sodium 
(cliloridc) in d per ccnl (richloracclic acid, .‘H’cordinj; to the method de- 
scribed. In tli(^ raiific of s('rnm sodium concentrations, the s(!nsitivity is 
n mg. per cent (-I.S ml'^p •'L.') p(>r scale division, using a I.<'ilz-Kouy col- 



Fig. 2 


orimefer. Estimatc.s of a tenth of a scale division arc made with ease, mak- 
ing the theoretical sensitivity 1.1 ing. per cent (0.5 mEq./L.). 

• Reproducible accuracy 

This was studied by numerous triplicate determinations, a typical ex- 
ample of which is reproduced in Table 1. In some cases, known dilutions of 
the sodium triple salt were developed for color and in others, various 
known amounts of sodium were added to serum and carried through the 
entire procedure (Table 1). Data obtained by both these methods indicate 
a reproducible accuracy of 3 per cent. 

Procedure 

The substances which interfere Avith quantitative triple salt formation 
are protein, phosphate, arsenate, lithium, and large amounts of potassium 
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(10). In hiolopral fluids, only (ho profoin and idjosphafc arc of impor- 
tance. 

Removal of i)ro(oin from serum and spinal fluid is accomjdisluKl by the 
use of (richloracetie acid. Since .'•erum inorpanic pliosphafe introduces :i 
constant absolute error of oidy 1 mKq./L. (11) with jiroportionatcly small 
changes due to variation in tlie .■'•eriun phosphate level, this factor is 
ustially ignored. 

In urine, mercuric chloride is used for ]irotein precii)i(a(ion ; trichlorace- 
tic acid AvouUl of course be incompatible with the calcium hydroxide. Some 
workers (2) have found that refrigeration is adeejuate for the removal of 

Taiii.i; 1 
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1.0 nil. fcruin 

.32.5 




5 I-S .3 

31 .9 





33.0 

(UV.33..5) 

137 


(av. 2.4) 

1.0 ml. .'cruin 

29.9 

151 


1 .9 

fl-S3 plus -10 inp;. 

.30.0 

1.50 

151 

2.G 

(17 inEq.) sodium 

32.0 

M7 


4 .5 

O.o m. scrum 

.33.0 

13.S 


3.0 

fl-83 jilus 150 tug. 

33 . 1 

1.3S 

1.34 

. 3.0 

(Go mEq.) sodium 

.33.1 

1.3.S 


3.0 


urinarj' phosphate. However, this procedure is time-consuming. We have 
found that calcium hydroxide serves the purpose far better, for it requires 
no extra time and does not complicate matters bj'' eausing changes of urine 
volume due to temperature. 

The efficiency of washing was studied by means of 10 pairs of precipi- 
tates, half of which were washed once with 5 ml. and half twice with 2.5 
ml. of the wash reagent. The greater efficiencj’’ of the double washing could 
not be observed by the usual technique in the colorimeter and required spe- 
cial means (a 6 cm. column of fluid) for its demonstration. Another group 
of 10 precipitates was washed twice with 5 ml. portions of the wash re- 
agent. No perceptible increase in color density of the second washing over 
that of unused wash reagent could be demonstrated. 

With proper centrifuging, no difficulty was encountered in packing the 
precipitate firmlj’', and with these small amounts of precipitate no trouble- 
some flotation of crystals (as found by Bradbuiy) occurred. 
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Tile dovolojied color Icsicd for sinhiliiy .'ind no cluingo.s wore ob- 
served during i\ 2-hour observation period. However, the fonnnlion of oxy- 
gen bubbles freciuenlly takes place fairly soon after the addition of the 
hydrogen jn'roxide. Vigilanei' must be exercised to di.slodge all bubbles be- 
fore readings are carried out, and it was found advantageous to carry out. 
the readings as promptly as possible in order to avoid this nuisance, 

SUMM.VHY 

A rapid colorinietrie method for the determination of sodium in biologi- 
cal fluids is pre.''ented. 'i'he nudhod is based on the precipitation of sodium 
as the triple salt of uranium and zinc acetate, and intensification of the 
color of the uranyl ion with hydrogen jieroxide in alkaline solution. The 
rejiroducible ac(mracy of the mi-thod is .S p(‘r cent. 
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The Association for the Study of Iii“ 
tenial Secretions Annoiiiiices A 
Postgraduate Assembly In 



Oklahoma City, Oklahoma Skikyin Hotkl FKunuAnY 21 - 2 G, 1949 

The farulty will ron^i^t of proiniitciH researchers and elinieal endocrinologists in the 
various branches of the medical sciences, gathered from the United States and Canada 
and will include the following; 


Dr. Willard M. .Mien, Professor and Head, 
Department of Ohstctrics and Gyne- 
cology, Washington University School 
of Medicine. 

Dr. Edwin B. .Astwood, Research Profe.«sor 
of Medicine, Tufts College. 

Dr. .T. S. L. Browne, Professor of Medicine, 
McGill University. 

Dr. Edward A. Doisy, Professor and Head, 
Department of Biochemist rj-, St. Louis 
University School of Medicine. 

Dr. Roberto Escamilla, .Associate Clinical 
Professor of iMedicine, University of 
California Medical School. 

Dr. E. C. Hamblen, Associate Professor of 
Obstetrics and G3'nccology, Duke Uni- 
versity School of Medicine. 

Dr. Laurence W. Kinsell, Associate Clini- 
cal Professor of Medicine, Universitj' of 
California Medical School. 

Dr. C. N. H. Long, Sterling Professor of 
Phj'siological Chemistrj' and Dean, 
Yale University School of I^Iedicine. 

Dr. Cj’ril ^I. ]MacBr3’de, Associate Pro- 
fessor of Clinical Medicine, Washington 
Universit3' School of Medicine. 

Dr. E. Perr3' AlcCullagh, Chief, Dept, of 
Endocrinolog3' and Metabolism, Cleve- 
land Clinic. 


Dr. Harohl L. Mason, Professor, Ph3-sio- 
logic.al Chemistr3', M.a3'o Foundation, 
University of Minnesota. 

Dr. Warren 0 . ICelson, Professor of 
Anatomy, University of Iowa College 
of Medicine. 

Dr. Edward Ryncarson, Associate Pro- 
fessor of Medicine, Ma3'o Foundation, 
Universit3’ of Minnesota. 

Dr. Ilans Selyc, Professor of Experi- 
mental Medicine, Universit3' of Mont- 
real. 

Dr. E. Kost Shelton, .Associate Professor 
of Medicine, Universit3' of Southern 
California. 

Dr. Paul M. Starr, Clinical Professor of 
Medicine, Universit3" of Southern Cali- 
fornia. 

Dr. Willard 0 . Thompson, Clinical Pro- 
fessor of Medicine, Universit3' of Illinois 
College of Medicine. 

Dr. George Thorn, Hershe3' Professor of 
the Theor3’- and Practice of Ph3'sic, Har- 
vard Medical School. 

Dr. Henr3' H. Turner, Associate Professor 
of iMedicine, University’ of Oklahoma 
School of Medicine. 

Dr. Lawson Wilkins, Associate Professor 
of Pediatrics, Johns Hopkins Hospital. 


This course will be a practical one of interest and value to the specialist and those in 
general practice. The program will consist of lectures, clinics and demonstrations. 
Ample time will be given to questions and answers at the end of each session, and 
registrants are encouraged to contact members of the faculty' for indi^ddual discussions. 
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I’OSTGHADl'ATl': (’OUHSH IK KNI)OC:HIXf)L()(;Y 


]'ohi)nr n 


A fco (if SlOO will lio cli.'iri'od for tli(’ oiilirc cour.‘i(^ (uul (lie fit(<’ti(!;itu;n will ho liniitorl 

In inn. iniGISTKATIDN will IU-: in* tiik okdki? of (-IIFOKS hkofivfd. 

Should (here ho !Ui insullicioni nuinhor of .'ijijilionids (o (ill (ho oourso, (ho ro.uislrnlion 
fco will ho iimiiodiiiloly rofuiidod iti i(j( full junoiiid. 

Please forward appliealion on your leOerhead, (oj;o(hor wi(h ohook, payable (o The 
Assnciniioi) for (hoSludy of Iiilornnl Sorrofions, (o Ilr-iiry IL 'I'urnor, i\I.I)., fdiainnau 
of (he Posl^raduale C'oiiimideo, 1200 Nor(h Walker S(roe(, Oklahoma fd(y, Oklahoma, 
before February 1, 1010. 

Applieanls should mak(> resorvalious direelly wi(h holels of (heir ehoiee. Some of the 
belter dowulowu holels in Oklahoma (hly, listeil aeeordim; (o (heir proximily to the 
Skirvin are: Skirviu 'Lower, Ifuekins. Wells-Hoberls, Hillmore and Bl.ack. 


ANNOUNdOMI'.NT Ol- NATIONAL lUCSICAROH COUNCTI. 

OILANTS FOR inOSIOARC!!! IN ICNDOCR INOLOOY 

The Coinmil Icc; on l?(‘.'<o;iich in lOndocrinolocy, Notional Rosoarch Cmm- 
eil. wisho.s to announce that rcqtic.st.s for /^rants-in-aid during the fFoal 
period from .hdy 1, HM!), to .lunc 80, lOoO, will he received until February 
28, 19‘10. A])i)lieation blanks may Ik' obtidmed by addressing the Secretary, 
Divi.sion of Aledieal Sciences, National Research (.’ouncil, 2101 Constitu- 
tion Avenue, Washington 25. D, In addition to a statement of the prob- 
lem and re.search plan or program, the Committee d(’sirc.s information re- 
garding the i)ropo.sed method of attack, the institutional suj)port of the 
investigation and (he uses to be made of the sum requested. No part of any 
grant, may be used by (lie recipient institution for administrative expenses. 

The Committee makes grants-in-aid of researeli in the general field of 
experimental aiul clinical endocrinology. liowever, applications for sup- 
port of researeli in the problems of .sex in the narrower sense cannot be 
given fai'orablc consideration, and inve.stigaiors seeking support in this 
field .should direct their propo.sals to the Committee for Research in Prob- 
lems of Sex of the National Re.search Council. The Committee on Research 
in Endocrinology, however, will continue to give consideration to the sup- 
port of studies of the effect of sex hormones on non-sexual functions, c.g., 
on general metabolism and on the metabolism of steroid hormones. 




Tiie 1949 Meeting of tlie Association 
for tlie Study of Internal Secretions 

Tho Tliirty-First Annmil Mcotinp of llu* Association for tlic Stiuh' of 
Internal Secretions will be belli in tlie riialfonte-lTaiblon Hall, Friday and 
Saturday, .lunc 3 and 4. 1010, in Atlantic City, New Jersey. 

"We arc informed by the hotel manapement that reservations will bo 
dinicult to secure on short notice; therefore, members are urged to make 
reservations at once with Chalfonte-lladdon Hall, giving time of arrival 
and length of stay in Atlantic City. 

The scientific sessions will be held in the Viking Room, as formerly, and 
registration will be on the same floor. The annual dinner will be held in 
the Rutland Room, Friday, June 3. at 7 p.m., preceded by cocktails in the 
same room. 

Those wishing to present pajicrs, which will be limited to ten minutes, 
should send the title and four cojiics of an abstract of not more than 200 
words, to Dr. .1. S. L. Browne, Royal Victoria Hospital, Montreal 2, 
Canada, not later than March 1, 1049. It is imi)crotivc that the abstracts 
be informative and complete, with results and conclusions, in order that 
they may be of value for reference and suitable for printing in the program. 

Nominations for the Squibb and Ciba .Awards and the .Vyerst, McKenna 
and Harrison Fellowship should be filed on special forms with the Secre- 
tary of the Association, not later than March 15, 1949, according to 
specifications given in the section on Awards. 

Tke Awards of the Association 

for 1949 

N ominalions for Awards 

Three Awards for meritorious work in endocrinologj’’ will be given at the 
next annual meeting of the Association. A special committee of five mem- 
bers of the Association chooses the recipients of these Awards, subject 
to ratification bj"^ the Council, and each member of the Association has the 
privilege of making one nomination for each Award. 

Nominations for the Awards should be made on special application 
forms w'hich maj" be obtained from the Secretary, Dr. Henry H. Turner, 
1200 North Walker Street, Oklahoma City 3, Oklahoma. AU nominations, 
accompanied by a statement of the importance of the nominee’s contribu- 
tions to endocrinologj"^ and a bibliography of his most important papers 
with reprints if possible, should be sent to Dr. Turner’s office not later than 
March 15, 1949. 
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AWAinxS 


Vohiuir n 


THE E. IE .SQUJlill AND SONS AWAHD 

Tlio IE IE Squibb nnd Sons Awnnl of $1,000.00 was oslablishcd in 10.^9, 
H- was given in 10-10 lo Dr. (leorge W. (’orner; iti 10-11 io Dr. Philip E. 
Sniitli; in lO-l'J to Dr. ITed V. Ko(di; in lO-M lo Dr. lOdward A. Doisy; in 
10-15 lo Dr. 10. (’. Kt'inlall; in 10-10 lo Dr. Carl fl. Ifartinan; in 10-17 to 
Drs. ('arl E. and Certy 'P. Cori and in 10-18 lo Dr. Puller Albrighl. No 
award was made in 1018. No age or spc^cial limilalion is slipnlaled by the 
donor of Ihe Award. 

THE Cl BA AWARD 

d'hc Cilni Aw.ard, established in 1012, is given in reeognilion of the 
meritorious aeeomplislunejit of an investigator, not over 85 years of ago, 
in the field of elinie.al or preeiinifad (‘iidoerinology. In 1011 Ihe .\ward Avas 
given lo Dr. E. B. Astwood; in 1015 lo Dr. .l.aT»(^ Aime lEissell; in 104G 
to Dr. Maitii\ M. lldTman; in 10-17 to Dr. Choh Ilao Li and in 1018 to 
Dr, Carl (1. Ildler, 'Phe Aw.ard is for $1.2()1).0[). If within two years of Ihe 
date of the Award, the iiatipient ehoose.s lo use it to aid in working iji a 
laboratory other than the one in whidi he normally is located, the .-Vward 
will be ijiercased to $1,800. 00. 

^riTE AYERS'r, McKI<JNNA it HARRISON FELLOWSHIP 

'Idle first .Ayerst, AIcKenna Sc Harrison I'ellowshi}) was gi\’en to Dr. 
Samuel Dvos-kin in 1017 and in lOlS it was given to Dr. Ernest jM. Brown, 
Jr. Tins Fellowship is designed to a.‘<sist men or women of cx'ceptional 
promise in their progress toward a scientific career in cndocrinologj’. The 
Fellow.shi]) may be aAvarded to an individual who pos.sossc.s the Ph.D. or 
M.D. degree or to a candidate for cither of these degrees. The stipend for 
the Fellowship will vary in accordance with the qualifications of the ap- 
pointee, but Avill not exceed $2500.00. The Committee will, in reviewing 
the proposed program of stud 3 q consider the amount of time which the 
Fellow intends to .spend in course work and/or teaching. The nominee 
must present evidence of scientific ability as attested studies completed 
or in progress and/or the recommendation of responsible individuals, sub- 
mit a program of proposed stud}’-, indicate one or more institutions where 
the proposed program shall be carried out and submit statements of ap- 
proval from the investigators with whom he proposes to conduct his 
research. 



American Goiter Association 


Till-: 1010 Ml^ETING 

Tho next aiuujal niootinp of Iho American Cloilcr Association will be 
belli at the I.orainc Hotel in Madison, Wisconsin, May 20, 27 and 2S, 10-10. 

All members of the Association are nrped to make their Jiotcl reserva- 
tions as early as possible. Those who would ])rcfcr a resort hotel will find 
the new ICdgewatcr very beautiful. It is half a mile from the I.oraine on 
the .‘chores of Lake Mondot a. 

The officers of the Society arc as follows: 

President — .-Vrnold S. Jackson, Madison, Wisconsin 

President Elect — Samuel E. ITaincs, Hochcs:ter, Minnesota 

Vice President — Willard 0. Thompson, Chicago, Illinois 

Corresjionding Secretary — T. C. Davison, Atlanta, Georgia 
Pccording Secretary — Geo. C. Shivcr.s, Colorado Springs, Colorado 
Treasurer — E. Chesky, Halstead, Kansas 

Executive Councilors 
J. H. Means, Boston, Mas.sachusctts 
Elmer Bartels, Boston, Ma.ssachusctts 
.-Vilen Graham, Pittsburgh, Pennsj'lvania 
H. P. Sloan, Bloomington, Illinois 
D. U. McGregor, Hamilton, Ontario, Canada 

Dr. George Crilc, Jr. of Cleveland is Chairman of the Program Committee. 

THE VAN AIETER PRIZE 

The American Goiter Association again offers the Van Aleter Prize 
Award of three hundred dollars and two Honorable Mentions for the best 
essays submitted concerning original work on problems related to the 
thjToid gland. The Award will be made at the annual meeting of the Asso- 
ciation which will be held in Madison, Wisconsin, May 26, 27 and 28, 
1949, providing essay's of sufficient merit are presented in competition. 

The competing essays may cover either clinical or research investigations, 
should not exceed three thousand words in length, and must be presented 
in English. A tj^pewritten double spaced copy should be sent to the Corre- 
sponding Secretarj'-, Dr. T. C. Davison, 207 Doctors Building, Atlanta 3, 
Georgia not later than March 15, 1949. The Committee, who will reidew 
the manuscripts, is composed of men well qualified to judge the merits of 
the competing essays. 

A place will be reserved on the program of the annual meeting for pres- 
entation of the Prize Award essay by the author, if it is possible for him to 
attend. The essay mil be published in the annual Transactions of the Asso- 
ciation. This will not prevent its further publication, however, in any 
journal selected by the author. 
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CURRENT ENDOCRINE LITERATURE 


h'dilor; )ioy iir.nry.. Colhihonitors: ,\. u. .\n.utt(.\Nj;i,, i-. n. ANour.Wf^, n. i,. iiAKcr:, r, a- 
m'. j.A iiAi.r.r,, jshaki, hham, it. a. fi.i'.uiioii.v, nt'cKi'.it ci.v.vi-.i.an!), c. i>. davi.^;, anna 
l OJiiH.S, M, 1). H. .S'. M, M. (t. <t. l>. Kftf.'ffAfCr.VN, 

», S. KriTlAlMAN, II, I,. .\!AS<\N, AaNJ.T W. Mr AKTIint, TIIO.MAS It. MrCAVACK, A. }„ .MltVIIIt, 
K. r,. I’AsonKi.s, A. ji, visro, j. u. in:i'<>ii?;oM»;.Mm!Jvi;,s, i;. r\ KiirritN.sTi'.i.v, Jit., c. r:. m;- 
DOl.JMl, I„ T, t^A.Mrin.S, 


vm-nwnr 

]\.\.\TKH, A. 10.. and A. II.; Shork from jni.sli'j-ior jaluifary cx- 

Irarf, Am. ./. Of>sf. (hinrr. 56: .‘KiCi-.SiiO, H)1S. 


'I'hr !iuthiir.~ rciinrt n iiistjtnri'.s of shock in nssocintion the use of pn.storior pitui- 
tary cxtr.ict in tlioii.s.'iiifls of ohstetric .ami jjynccoloj^ic [laticuts. 'I'lii.s .‘•hock occiir.s a.s a 
ro.siilt of the (lirrrt prc>sor action upon the coronary arteries. It is readily coinhatted Ijy 
(lie use of adren.aliii chloride or epliedrinc .siilhilc and infusions of thiids, n hole hlootl or 
hiood plasma. Hecaiise of the potentialities of .shock, the authors favor tlie use of er^'ot 
derivatives in edistetrics. However, for it.-e in I'ytivvidirAw snryory, (hey lielieve tfiero is 
no adefpiate .sultstitute for posterior pituitar\' e.vtract,- 


TIIVHOIl) 

lioKKELMAX, A. J.: Tho thyroid a.s a rogidator of pota.s.sium inctaboli.sin, 
PrCHs^v. mal. 56: 23-25, I'hlS. 

Tlio ha.s.'d metaholi.sm i.s directly proportiomd to (he potassium content of the 
erytlvrocytcs. The {udassium content is hifch in hypcrtlivroidism and drops witli iodine 
treatment tis the metabolic rate dccrea.se.s. Iodine has no inflneneo on the corpuscular 
fjotassium in normal jier.sons. The potussiuiii in the plasma i.s una/Tccted. — A.E.M. 


I-IoLL.\NDER, G. IL, anti iVLvxi)BLH.-\uAf, Ji.; Tho treatment of angina pec- 
toiis M’jtl) proi^jdfliionraciJ, Ann. /nf. Med. 28: IJ50-1150, 1948. 

Ten iiypcrtensivc patients witli a dermitc anginal .syndrome were studied, (1 male, 9 
females). The ages ranged from 45 to (52 yeans. AD patients Iiad been tried on other tyjjes 
of medication without .success. Six .s/iowed (Icfmitc .symptomatic improvement on 50 to 
200 milligrams of prop.ylt}iiouraciI daily. Two of the otliers became iwogrcssively ^Yorse. 
No correlation was noted between improvement and Je^■ol of the basal metabolic rate. 
If improATinent occurred, it wa.s manifested within 8 weeks of onset of treatment. It iv.as 
not necessary to produce my.vedema to get relief of pain. Tlie autliors believe that a 
further clinical trial of 6-proi)ylthionracil in angina pectoris is indicated. — C.D.D. 


Horlick, L., and Havel, L.: The effect of feeding pj-opyltlnouracil and 
cholesterol on the blood cholesterol and arterial intima in the rat, J. 
Lah. & Clin. Med. 33: 1029-1036, 1948. 

In view of previous findings that the thyroid gland is involved in the entire process of 
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rxprnnipiitnl atln'rixHi'TO'-is, ]>r<ipyUUi«v\tr!\«’il Wn;- t<i rats, in an attempt 

to break down the resistance of this .‘.peeies to the indnelion of at Itero^elerosis I)y rhole-- 
tend feediiiR. In eontra'-t to lindimis in dons, propyltliioiiraeil failed to break <l()wn tlie 
rat's resistance, indiratini: tliat it may be dependent on otlier fc.ators in addition to tlic 
thyroid nhuid and its secretions. Tlie combination of ciioiesterol with proi)yltliionracii 
jirodnccd a synerpistic rise in tlie blood cholesterol levels, an action not clearly under- 
stood.— r.//.' .Ucf?. 

McCubuvGH. PniiitY; Hinns, H. 15.. anil Scmnkidku, 11. W.: Propyl- 
thiouracil in the Iroatinont. of hypothyroiilistn. A »i. J. Sd. 214: .o45- 
r).Y2. 1917. 

Propylthiouracil is a safe dnu:. In 21S patients treated for an averape of 8 months and 
in some as lonp as M months, no cases of apranulocytosis were seen, in contrast with its 
occurrence in thiouracil treatment. For this reason the routine practice of takinp weekly 
white blood counts was discontinued. Three minor reactions to propylthiouracil occurred, 
anil -1 other reactions required the cessation of treatment. It was found cfTectivc in con- 
trollinp hyperthyroidism of all types excejit j)os,<ible instances of acute crisis in which it.s 
reaction is too slow. The hyperlhyroitiism of acromepaly may also be an exception. An 
efTcclive dose in more than O.a'^'c of the patients was 800 mp. per day. .smaller dose 
was effective in many, and a larger dose was required in less than 4%. (.An effective 
dose was defined as one which produced a jiroprcssive fall in basal metabolic rate of 
29c or more ])cr week to within normal raiipe.) Iodine in dosc.s as hiph ns .30 mp. per 
day may be used concurrently with propylthiouracil. It will eliminate the thrill and bruit 
in diffuse glands and does not hinder the action of propylthiouracil. The probable fre- 
quency of iicrmanent remissions of hyiierthyroidism following the use of propylthiouracil 
can not yet be properly estimated. At [ircsent, long-continued use of the drug appears 
warranted in some jiationts and may later ajipear feasible and perhaps dc.sirablc in 
many. 

The authors close with a tentative plan for the use of jiroiiyUhiouracil to the best ad- 
vantage of the patient with hyperthyroidism, with .special regard to age, type of hy- 
perthyroidism and kinds of complications. — E.C.Jl., Jr. 

Peters, J. P., and E. B.: The relation of albumin to precipitable 

iodine of .serum, J. Clin. Invesligalion 27: 397-405, 1948. 

Hypoalbuminemia associated with serum iodine deficiency in the absence of definite 
evidence of hypothyroidism was demonstrated in a .scries of patients ■with miscellaneous 
conditions (cirrho.sis of the liver, craniopharyngioma, anorexia nervosa, lu-popituitarism, 
and others) in which hypoalbuminemia appeared to be the only common factor. Adminis- 
tration of active thjToid substance in doses that are effective in the treatment of mj'x- 
edema failed to raise the precipitable iodine in the serum of these patients; injections of 
enough salt-poor human albumin to raise considerablj' their serum albumin did not con- 
sistentlj' increase, and more often decreased, the precipitable iodine. Data on 22 cases are 
tabulated. — T.H. McG. 

Williams, R. H., and Kay, G. A.: Further studies on the correlation of 
chemical structure and antithyroid effect. Am. J. M. Sci. 213: 198-205 
(Feb.) 1947. 

The authors briefly review the work done since 1943, prompted bj' the earlj- clinical 
experiences uoth thiouracil which indicated that serious toxic reactions sometimes oc- 
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t'urrod. II was Iioiu'd I hat ('(mipainids could ho found which have sfroDKor aiititiiyroifl 
nclion, Iherohy e.\j)osinir the body tissues fn n smaller rnnrontnilion of the dnif:, or sub- 
stances which by their difTererice in chemical structure were less toxic than thionracil 
oven lhou,t:h their concentration in the body mi^lit be greater. Most of the compounds 
which the present authors sfndietl were derivatives of thiourea or aniline, in addition to 


which a few or>:anic sulfur cotnpotinds were tested.lt was especially desirable to test the 
antithyroid eflei’t of iodinated thiourc.as atid iodinafed aniinohenzenes. I'jXjieriinental 
anijuals were rats and chicks. 

The most potent Jintithyroid compoutuls hmiul wore Ihiouracils with short-chain hy- 
drocarbons in the ('.-position, especially (he n-propyl derivative. The to.xicity of all of 
the thiour.'icils was relatiwdy low .'iinl c.aused m. sii^nific.’int itdiibition of prowth. 

Of the thioure.'is none possessed sipniticant activity, with the excej.fion of 2-.'itnino- 
thiazol, thouph to :i much lesser depree th.an thionracil. 


'J he .activity of sev(‘r.al atulides structurally sitnilar to j.-amino-benzoie acid w.as rela- 
tively .‘^lipht, thouph th.at ..f di.aminobe/izf)phen.>ne anrl of p-.aminoci/m.amic acid were 
fairly preat. 

The iodinated com]>ounds showed little or no antithyroid cfTect, besides boinp rela- 
tively toxic. 

Combined treatment with para-aminol.enzoic acid and thionracil j.roved that the 
amount of poitropenesis e(|uals, or perhaps e.vcced.s, an additive effect of (he two com- 
pounds. Many pener.alizations. jinule on correlatinp antithyroid activity with chemical 
.structure, .are listed .and t.abid.ated. 

Finally the .autlntrs dr.aw the followinp conclusions: minor structural chanpo.s in the 
two main .series of poitropenic compounds, thioc.arbonamide.s and aminobenzeno.s, may 
modify the .acti\a(y of the.se compound.s, .sometirne.s e.ausinp a marked potentiation of 
effect, and at other times pre.atly decreasinp or abolishinp the effect. The C =S linkage 
is essential, and usually without substituent.s attached to the sulfur. In most instances 
this linkage is adjacent to two amino prouj.s, althouph activity can exist when one of the 
amino groups is rejilaced b.v an o.xypon or sulfur grouping. Closure of thiourea chains 
generally causes a potentiation of effect. Additions of short-chain h.vdrocarbons tend to 
augment the effect of thionracil, when attached to the G-position. Thus far, iodination of 
the thiourea amino-benzone derivatives hn.s not augmented the goitrogenic cfTect. The 
simnltaneou.s ingc.stion of thionracil and p-aminobcnzoic acid appeared to result in an 
additive effect. — E.C.li., Jr, 


ADRENALS 

Cahill, G. F. : Pheochromocj'tomas, J.A.M.A. 138: 180 (Sept. IS) 1948. 

Four carefully studied cases of pheochromocytoma are described in detail and others 
referred to briefly. The associated liypertension was sustained in two cases, the B.I\r.R. 
was markedly elev.ated in two cases. Hypcrglj^cemia and glycosuria were not marked 
in the younger patients. Three cases were in children and one case was associated with 
Cushing's sjmdrome. Several of the tumors were e.\-tr.a-adrenal and one was multiple; 
the intra-adrenal ones were well visualized by x-r.ay after perirenal air insufflation. All 
cases showed a drop in blood pressure after the injection of benzodio.xane. Tlie danger of 
operation is lessened by the use of tri-brom-ethanol in anaesthesia induction, by occlud- 
ing the blood supply to the tumor before handling it, and by the infusion of epinephrine 
and occasionally adrenal cortical extract after the tumor has been removed.— A. P.F. 
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(cs( for ndronal rortirnl iiisonirioncy, J.A.M.A. 137: 1005 GTul}' 17) 
lOlS. 

A rcli:il)lo and soiisitivo to>t for adrciial rorliral insiiffiritairy is jircsoiitod. Two stiik- 
inp and easily doterniined eliaime-; (a flerrea'^e of oO or more i)cr rent in eirrulatiiif; co- 
sino]>liils and a rise in excretion (tf nrie aeiil) consistently follow the administration of a 
sincle dose of adrenocorticotropic hormone to normal subjects and patietits with dis- 
eases not involvinp the atlrenal cortex. A decrease of .aO or more per cent in the urinarx’ 
uric acid-creatinine ratio indicates adequate adrenal cortical reserve. The few condition.s 
in which the test is not useful are described. — .1. 

Frikdm.xn, S. M.; Fhiedmax. C. L., and Pom.ky, .T. IF: Potentiation of the 
hypertensive efTce.ts of dc.soxyeorficosterone acetate by varion.s .sodium 
.s:alls, Am. J. Pln/siol. 153:220-23-1, lO-lS. 

The action of sodium chloride in intensifyinp the effects of DC.-V on renal function, 
blood pressure and electrolyte i)uttern seems specifically rcfcniblc to the sodium ion. 
Phosi)hatc may be excessively <lamapinp to the kidney under the influcnec of DCA. The 
electrolyte tlcranpcment is parallel to the kidney injtiry. The renal damape caused by 
salt and DC.\ is not necessarily accompanied by an inercase in hyi)crtonsion. The in- 
crease in blood [iressure caused by DCA precedes chanpes in renal function. — A.E.M. 

W.A.TERHOUSE, C., and Keutmaxn, E. H.: Kidney function in adrenal in- 
.sufiicicncy, J. CUn. Invcstignlion 27: 372-379, 1948. 

Tliirtccn patients with adrentd insufficiency were studied with respect to plomcrular 
filtration rate, renal plasma flow and maxinmm cxcrctinp capacity. AH patients were 
in pood clinical condition and controlled cither on salt alone or with dcsoxycorticosterone 
acetate. Treatment, in theraj)cutic doses, with dcsoxj’corticosteronc acetate, te.stosterone 
propionate, aciuoou.s adrenal cortical extract, extract of i)ork adrenal cortex in oil and 
desiccated thyroid substance xvas superimposed when possible and renal function studies 
were carried out. The rates of plomcrular fdtration were below normal in all patients 
at all times. Treatment with the hormones rc.sulted in little if any improvement above 
that found when salt was used in adequ.ate, therapeutic amounts. Large amounts of 
extract of adrenal cortex resulted in slight inercase in filtration rate but the values were 
still far below normal. The effective renal plasma flow was reduced in all patients except 
in two cases with a moderate anemia. No change was noted in renal plasma flow by the 
addition of specific hormonal therapy. The maximum tubular excretory capacitj" was 
low in all female patients and normal in all male patients with the exception of two who 
had hypertension. The authors postulate that the consistent finding of decreased renal 
blood flow and glomerular filtration rate, regardless of whether or not there is impairment 
of the ability of the tubular cells to excrete para-amino hippuric acid, is suggestive of a 
reduction in the effective vascular bed in the kidneys rather than of the lex'el of blood 
pressure or degree of hydration of the patients. The authors also suggest that the failure 
of any of the functions to improx’e -^-ith medication may hax'e been due to insufficient 
dose of adrenal cortex extract, insufficient time of study, and irreversible structural or 
functional changes in the kidne 3 's. Finallj', the factors responsible for maintenance of 
function mentioned maj' not have been present in anj' of the preparations used. The 



fniluro of Irslosirronc propion.-ito tn vr.-tnrr niiiximiiin r.vrrofory r/tfmcif y in fcninlos 
w;is fell fo 1)0 (iiio to }|io ;il)> 7 'noo from Jo.sfostorofio of (ho horoiofinl ffio(ors which iimiii- 
(ain (his function, factors however, that inav »infh)uhte(llv i)e supplied i)V the male testis 
.1/rf;. 

(lOXADS 

A. nr: I/A; 'I'lu' i)ro^(‘sl(‘rojio wiflidrjnvnl (esf or ^'nunlicul 
curd logo.” Diognosi.s- ond clo.ssifioolioii of .'iriioiu)rrhoos, Scnianfi mc(L 
55: nr)3-5)()S, lO lS. 

The lest, oriyitially introduced liy Alhriyht, makes use of intrarnusetdar injeedions of 
;» ini;. of ]u-o^eslerone daily for five days. Menstruation occurriny within live day.s indi- 
cates an .‘Khaiuate esiroyen production ajid mildly .siihnormal ov.-irian activity whereas 
failure to menstruate proves severe' ovarian failure. 'I’lie test was iipplied to of) women 
ant! eomp.'ired with the results of vayinal cytoloyical examinations and <le(erminations 
of yonadot Topic hornnmes in the urine. 'I'he test is rect)mmended for its simplicity, relia- 
l)ility and rapidity.- 


S. : 'flu' \‘oliio of the (Jul(?rmotj to.st in tJiivntonciI ohorfion, ,/. 
Ohsf, ((• fr’//na(r. lin'L 1C nip. 54: TS.'k •792, 1917. 


A .series of oT e.’ises elieiically eliar.'iete'rizt'd as threati'ned .'ihrertion were stndieil hy the 
(Juterman l(•st. 'I'liis wjis found to he a rapirl. effective, ;ind economical w;iy of eiis- 
linyuishiny cases of threateneel ahortioti due to proyesterone dehciency, jis .sliown hy the 
urinary preyn.'inediol <',\cre{ion. 'I’he majority of threatetied ahortion cases did not 
.show proyesterone deficiency; only 1 1 out of :{f) ease.^ showed a neyative CJuterman te.st. 
In 2S p.'itients haviny ii positive rjiiternian te.st, the administration of proyesterone 
seemed to have no siynitieant cfTeot in forestalliny .ahortion in the si.\ patients so treated. 
A j) 0 ssihlc cause for the throat to prcynancy was found in otd.vsi.v. In a yronp of 1 1 show- 
iny a neyative Guternian test only one of fiveyiven proyesterone aborted, whereas of the 
six not so treated otdy one failed to abort. The authors feel that i)royesterono given in 
the absence of proyesterone deficiency may favor ahortion. Thev roconimeiul the simul- 
taneous use of the Guternian test and a rapid pregnancy test to help differentiate other 
conditions from threatened ahortion. — ff.A.C. 


Farris, E. J,; Tlie pi-eclicfioii of the tluy of Ijmnaii ovulation the rat 
test as confinned by fifty eoncepfioii.s, Am. J. Obst. & Gyncc. 56: 347- 
352, 1948. 

The author studied the time of ovulation in 40 women as determined b.v reaction of 
the immature rat’s ovar}’- to the Ip'-iJodermic injection of tlie urine of the patient. A 
positive response is hyperemia of the rat’s ovaries. Two hundred and eigiit ovulations 
were so studied. Tlie lengths of the cycles varied from 24 to 35 daj's. Conception oc- 
curred from cycle day 8 through 19. Sixty per cent of the women conceived on cycle days 
11 to 13. The interval between ovulation and the onset of menstruation in the control 
cycles, during which there was no exposure to pregnancy, ranged from 12 to 20 days, 
averaging 14.8 da 3 ^s. — C.D.D. 

Halbrecht, j. : Further observations on the basal temperature in sterile 
women, J. Obst. & Gynec. Brit. Emp. 54: 848-852, 1947. 

From temperatures taken orally or rectally before arising in the morning basal tern- 
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jM'r;>t\iro curves wort’ mn-'t met ptl eovoriiijr nviTllOOrydoe of iiormally mciist mutiny; stor- 
ilo women. Thc.'-e nirvos .nllow a ilia^no'-is of early jm-Kiianey, delayed mensiruation, and 
early abortion. De.deraled thyroid. ]iro):esterone and e^tro):ens do not ehanpe the tem- 
perature level. The normal rite in the .second half of the eyele after ovulation is jirohahly 
a eomplex ineelianisin, the eorpns Inteiim beinj: only one eontribntory faetor. Endo- 
metrial bi(»psies were dm\e in 00 eyrle.t and pive idenlieal resnits witli basal lenijieraturc 
enrves in ST ease.'-. Less than three per rent of all etirves were timisable, which is less than 
the nnmber of biopsies in which <lerinite interimdation is impossible. — R.A.C. 

Knight, W. K.; 'rhoea-ccll liunois of the ov.ory with :i report, of 15 casc.s 
ami a review of the literature, Am. .1. Ohsl. A- Guncc. 56: 311-324, 1048. 

One of the aiithor's patient" was studied for the presence of estrone and jiroficst crone 
in the tumor tissue. The vaj:inal eiiitheliuni showed less tlian 2+ c.-troKenie activity as 
jrraded by the tshorr method. Tlie biolope assay of the tumor showed 0.2 j^amma of es- 
trone in a 10(1 cram etpiivalcnt of the extracted tissue. l’re;:nandioI assay of a 2-t-hour 
tirinc s]iceimcn was negative. The author considers that tlie estrogen produced by the- 
coma. althouph small, may in the absence of progesterone account for the sym])tom.s and 
frccpicnt occurrence of associated ])at!iology such as menstrual irregularities, ])ost-mcno- 
pausal Idccding, endometrial hyperplasia, adenomyoais, hypertrophy of the myometrium 
with uterine enlargement, uterine myoma, and cmloinctrial carrinoma. — C.D.D. 

.KuLL.VNDEn, S.: Investigations into the determination of pregnanediol 
according to the Gutcrinan method, J. Obst. & Gynacc. Bril. Emp. 55: 
150-170, 1048. 

A m.anifc.statiou of Guterman’s qualitative method of determining pregnanediol is de- 
scribed. It allows a quantitative determination to be made. Neither the original nor the 
modified technique permit an accurate diagnosis of pregnancy, imrge variations in indi- 
vidual excretion were found during the menstrual cj’cle and jircgnancy. The author says 
the Guterman test is unreliable in the prognosis of threatened abortion. — R..\.C. 

Loeser, a. a.: The action of intravenously injected sex hormones and 
other substances on the blood flow in the human endometrium, J . Obst. 
tfc Gynec. Bril. Emp. 55: 17-22, 1948. 

Using a speciallj' constructed instrument consisting of thermocouples attached to a 
rubber catheter, changes in blood flow of the endometrium of the human uterus were 
measured. All hormones tested were injected intravenously, the sex hormones in propyl- 
ene glycol. Natural estrogens, and to a lesser extent progesterone, produeed a vasodilator 
action. Stilbestrol had only a slight but similar action. Testosterone produced constric- 
tion. Adrenalin and pituitrin had strong and lasting constrictor action. — R.A.C. 

]\I ORISON, C. R. : An investigation of the causes of sterility and lowered 
fertility in West African Negroes, J. Obst. & Gynec. Brit. Emp. 54: 793- 
816, 1947. 

Genital sepsis, chieflj' gonorrhoea was the chief cause in 203 cases of sterilit}' studied. 
Doubt is thrown on the current belief that the menarche starts earlier in African women. 
Genital maldevelopment and immaturity were found to be more prevalent than in Euro- 
pean women. Observations on anovulatorj’- menstruation and endometriosis were made, 
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fhoii/;)) for ronip.’inilivo .s(;i)isli(vil jiurposo.*; j» j.-; flio Ponos too sriinU. A))or- 

lions wore fomid to occur jin frc(|ucnlly;is iu while races whereas uleriiie iiivfunala.said (o 
1)0 more coininon in Uniled Stales Ncf^roes, were not more common in the African t:roup 
than in whites. 'Dien' w;is a virtual ahsence of psychological factors .ms a hasi.i for .steril- 
ity. Reasons are given for this diffiTcnce.- R.A.('. 


iSeahm:, ^V . N.; JI.mxks, M., jmd IFakku, J. K.: Virilizing; tumours of (lie 
ovary, ./, 01>sl. cf- (hjitncr. Jin'L Emp. 55: IRo -].}), H)jS, 


A .'5:i-year-old primigr.avida developed hirsuli.sin, hoar.scncss of the voice and hypor- 
tropliy of the clitori.sahont the 2-}f)i u-eeh of pregn.'iney. Psyrholomintllv slir sooiuod nor- 
mal e.vcept for irritahilit which she attrihuted to consciousness of the st.artling cliango 
in lier appear.ance. At the 27th week her hlood pressure was found to lie 170/12(1. She 
was delivered at full term of a norm.-il a Ih. (1 or., male child, hut f.ailed to lactate. Other- 
wise the puerperium was norin.-d. A month after continement a lap.arotomy was done 
am! .'in orange-sired cyst on a pedicle was found near the right broad ligament. This did 
not appear to he an ;irrhenohlastonia hut is adeqiiatidy descrihcfl. Improvement in the 
hirsutism began three months after ojieration. A few ketostcroid values are recorded, 
year.s later the pat lent '.s appc.'ir.Miice and blood |)r('ssur(‘ were normal. — It.A.C. 


STAUAVOitTiiv, J.: I'at’l.s jind fiuit.'i.sy in the .‘<fndy of fomnle infertility, J. 

Ohfit. A' (iiittacc, Hr it. Emp. 55: 171--! SO, ItllS. 

This article reviews the problem of infertility and cites the author's experience. He 
eonclude.s that the most common cause of unilateral uterolub.al blockage is [)oor coordi- 
nation of tubal contraction and that uterine irritability is a {jotent factor in inferfilit.v. 
This may be due to psychological disturbances mediati'd by the autonomic nervous .sys- 
tem as well as to hormonal inlluences. — U.A.C. 


Tavombly, G. H.; iMcCbiN'rocK, L., :»nd J'Lvgelmax, M,: Ti.s.sne localiza- 
tion and excretion roiitc.s of radioactive dihromc.strone, Am. J. OhsL cO 
Gyncc. 56 : 2(30-2SS, 194S. 


Fquilin was brominated with radioactive brominc-S2 to jiroduce dibromestronc. Tliis 
was injected into 12 rabbits, a monkey and 2 dogs. It was found that dibromestrone was 
not selectively localized in the rabbit in the adrenals, .s])leen, uterus, ovaries or testes. A 
high concentration occurred in the gall bladder within 0 hours of injection. Dibromes- 
trone was not selectively localized in the liver, ovaries, or uterus of the monkey or the 
uterus of the dog. Dibromestrone was weaklj' estrogenic, if at all. Stud}' was made of the 
gastro-intestinal tract of rabbits 30 minutes, 2 and G hours after intravenous injection. 
At two hours, 21.5 per cent of the injected dibromestrone was in the small bon-el, 4.5 
per cent in the cecum, and O.S per cent in the large intestine. By si.x liours, 1.8 per cent 
w'as in the small intestine, 12 per cent in the cecum and 10.9 per cent in the large intes- 
tine. Solubility tests were consistent with the hypothesis that dibromestrone was e.x- 
creted into the bile and urine, largely as a phenolic steroid. — C.D.D. 
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THK hi;lativk ixahilitv ok TK.STO-STKROXK to rkduck 
VUIXAIIY C.OXADOTROPIX IX KUXUCIIOID MICX 

E. P. McCULLAGH, M.D. ani> F. .1. HRUBY, M.D. 

Frovi the Section on Endoerinolopn o/ the Cleveland Clinic and 
FranI: E. Bunts Educational Institute 

T he following iff a report of studies made to compare the effectiveness 
of testosterone in therapeutic and greater than therapeutic doses with 
the effectiveness of estrogens, in lowering urinary gonadotropin levels. 
The subjects were men with severe eunuchoidism. 

It is well recognized that high levels of follicle-stimulating hormone are 
present in the urine of men with testicular deficiencj'. In the patients 
studied here this feature has been considered an index of anterior pituitarj' 
hjTierfunction. Experimentally testosterone has proved capable of pre- 
venting histologic as well as physiologic alterations in the pituitarj- gland 
of castrate male animals (1). Large doses have usually been employed 
for such studies. Some clinical evidence has been accumulated which in- 
dicates that similar results may, under certain circumstances, be demon- 
strated in man (2, 3). 

The relative inefficiency of testosterone for inhibition of pituitary ac- 
tivity has been shown before. For example Hertz and jMej-er demonstrated 
that in parabiotic rats doses as small as 0.2 gamma of estrone daily inhibit 
the male pituitary gland as efficiently as 1.5 gamma of testosterone pro- 
pionate (4, 5). They also demonstrated that larger doses of androgenic sub- 
stances are necessary to suppress the pituitarj-- gland in male-female pairs 
than in female- female pairs. They concluded that the pituitary of the male 

Received for publication, July 9, 1948. 
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rat. ^Ya.s mora (linkaill to HUpjiross than that of tlio famala. 'Phn ratio of tlic 
two honoonrs producing coiujiarahlc cITccIs in parabiotic {ininials is I Inis 
approximately 1 to 75. ( ’atcli])olc.. Ilamillon, am! ITulx'rt (0) have reported 
a decrease of tlie urinary gonadotropin excretion to low levels in man fol- 
lowing ailminislration of testosterone propionate. 

It. has been our experience that in eunuchoid men doses of f{‘s{osteronc 
considerably greater than need(*d to overcome clinical evidence of androgen 
deficiency are necessary to lower the urinary I'’.S,n. (follicle-stimulating 
iiormoue) lifer. In our patiimls the dose of stilbest rol which would lower 
urinary F.S.If. in eunuchoidism was Ix'twcen 0„5 and I.o mg. daily (.‘h.o to 
10.0 mg. jxM- week) ami the cfTeclivc do.^e of testosterone was in .some cases 
800 mg. or more jier week. 'Phus our results yielded a ratio between 1:80 
and 1:75 in m.an. DiiTeremx^s in metluxls of assay may be rcsjionsible for 
the (liver.se results reported in the literature. Several assays made in our 
laboratory using tlu; method we employ and an ('xtracf made by the 
method of Freed and Hechter (7) which was used by ('atch])oIe and Ham- 
ilton, yielded results much lower than those obtained by means of alcoliol- 
prccipitation extracts of tlie s.ame pooled specimens. If \inphysiologic doses 
of testosterone are necc'ssary to suppre.ss pituitary function to a normal 
level and ])hysiologi(^ doses bail to do so, a (|\ie.slion .arises concerning the 
mcchani.sm by which this b.alancc is normally attained. Is it due to a 
second tc.sticular hormone (inhibin)'.* (.’ould it be due to estrogen? It is of 
considerable interest that estrogens liave a much greater ])ower in this re- 
gard. On clinical grounds it seems to us somewhat unlikely that estrogens 
are normally responsible, since the dose found to be necessary to produce 
such a result in eunuchoid men is similar to the dose wliich is well known 
to produce sucli pronounced abnormalities as gynecomastia when used in 
men with prostatic cancer. 

In the patients reported here testicular deficiency was diagnosed in 
each case on the basis of physical appearance and the presence of pro- 
static and genital atrophy and was corroborated by assays for 17-ketos- 
teroids and urinary F.S.H. 

Gonadotropin estimations performed in our laboratory on normal sub- 
jects by the method described by Klinefelter, Albright, and Griswold (8) 
yielded values ranging as high as 105 m.u. in twent 3 ''-foiir -hours. 

Urinary 17-ketosteroid assa 3 '’s were performed on neutral fractions 
the MgO adsorption method (9), which, in a series of 48 of our normal 
male subjects, resulted in values ranging between 6 and 16 mg. per twentj^- 
four hours. Normal levels for our laboratories are shown in the following 
table. They are given in more detail elsewhere (10). 

Estimations performed on the urine of patients whose testes were de- 
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>s()rm!il T.ovpIs of Sox Iloriuono 
ICxorction in Mon 


.Assay 

Daily range 

Number of 

assay.s 

17-KS 

0-16 mg. 

48 

F.S.H. 

20-105 mouse units 

22 


fioicnt showed an inoroaso in the ponadotropin (iter in all oases. 

Fipircs 1 and 2 ilhislratc cases of severe erinnohoidism in which tes- 
tosterone’ absorbed from implanted pellets failed to decrease the titer of 



urinarj’^ gonadotropins. In Figure 1, gonadotropin assay prior to implan- 
tation of 300 mg. of testosterone yielded a value of 318-424 m.u. in 24-hour 
specimens. Assays performed weekly for five weeks follor\ing the implanta- 
tion failed to demonstrate any change of this level. In Figure 2, prior to 
the implantation of 600 mg. of testosterone the F.S.H. level was found to 
be greater than 105 m.u. on twm occasions. The 17-ketosteroid level was 
estimated in the previous twenty-four hours and yielded a value of 5.9 mg. 

* The testosterone used in these experiments was generously supplied by the Schering 
Corporation through the courtesy of Dr. Edward Henderson. 
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Olio inontli following iinjilnntnlion Iho goinulolroiiin tilor romninod un- 
oliMiigod, and I lie loved was again found lo ho imndi inoro than 105 m.u. 
jior twonty-four hours. third pationt with a pro-implantation urinary 
gonadotrojiin lovol of .'il.S-d2d m.u. por twonty-four hours was troatod by 
imiilantation of OOO mg. of tostostorono with no rosult.ant dojirossion of 
tho gonadotropin titc'r aooording to tersts dono wooldy for four suooooding 
wooks. 


d’ho failuro of intramuscular inj<‘(;tions of toslostoroiu? projiionato and 
aquoous tosticular o.xtraed to jireiduci' a f.all in tho urinary gon.adotropin 



level is illu-strated in Figure 3. Here 100 mg. of testosterone propionate was 
given intramuscularly each week, and 2 or. of aqueous testicular extract" 
was given injection daily over the periods .shown. Assays on three suc- 
ceeding weeks following the initiation of this therapy yielded titers of 
318-424 m.u. of F.S.H. per 24-hour specimen, and four weeks after be- 
ginning treatment the titer had idscn to 424 m.u. per twento'-four hours. 
Following discontinuation of aqueous testicular extract the titer gradually 
fell to 212-318 m.u. per twent 3 ’^-four hours. 

All medication was discontinued for the following twent 3 ’--five days, and 
the titer again reached 424 m.u. per twent 5 ’'-four hours. The patient was 

■ This aqueous testicular extract was virtuall}'' uonaiulrogenic and nonestrogenic. It 
was made from hog testes and obtained through tho courtesj' of Tho Upjohn Compaip', 
Kalamazoo, Michigan. 
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llion given 3 of aqiu'ous Icslicnlar oxtraol daily. In the succeeding three 
weeks gonadotropin titers remained unehaTiged, and one week ])rior to the 
cessation of aciueons testicular extract therajiy, stilbestrol in doses of 1..5 
mg. daily was preserihed. Fotir days later the gonadotropin level dropped 
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Fig. 3 

to 318-424 m.u. One week later during stilbestrol therapj’- only, the 17- 
ketosteroid level w'as reported as 6.2 mg., and the F.S.H. titer graduall 3 ’- de- 
creased, as illustrated in Figure 3, until normal and finallj’’ subnormal 
titers were obtained. Thus testosterone propionate in these doses in con- 
junction with aqueous testicular extract or the extract alone was shown to 
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have litilo alTccI on gonadolropin oxorolion. Stilhost rol, in (■ontra.‘^t , (^.vcrtofl 
a ])ronoun(’ 0 (l onoci on o.vci’ation f)f I’.S.IT. and prosiiniably an itdiibitory 
action on ils pihiilary production. 'Die fact that the urinary /gonadotropin 
level remained low for four weeks after cessation of stiii)estroi therajjy and 
during thera]>y with testosterone /iropionate in doses of 2o nig. six (inu's 
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weekly is, however, consistent with the belief that testosterone may exert 
a mildly inhibitory etTect on the anterior pituitary. 

Figure 4 illustrates the failure of the usual therapeutic doses of tes- 
to.sterone to effect the gonadotropin titer. Doses as high as 125 mg. per 
week for two weeks, 200 mg, for one week, and 100 mg. for fi\-e weeks, on 
repeated urinary F.S.H. estimation, were insufficient to depress gonad- 
otropin excretion below 212 m.u. per twenty-four hours. In Figure 5, a 
dose of 300 mg. of testosterone propionate per week was used. Prior to the 
administration of the hormone the gonadot.ropin leA'el was 212-318 m.u. 
and the 17-ketosteroid level was 4.7 mg.^’ Forty-six days after beginning 

3 This assay was made several weeks before the initiation of the above treatment 
while the patient was receiving intermittent therapj'. 
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therapy with the large doses mentioned, tlic level was found to he lOn-212 
m.u. per twenty-four hoiirs. Sixty-three days after institution of this 
theraiiy the gonadotropin level reaehed normal and was rcjiortcd as o2- 
lOo m.u. per twenty-four hours. .\.‘;say of the 17-kctosteroids at this 
time revealed the high titer of 21 mg. per twenty-fo\ir hours, twice the 
average normal in ovir laboratory and above normal range. All therapy 
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Fig. 5 


was then discontinued for one week, and the patient was later given 75 
mg. of testosterone propionate weeklj'. Under the smaller dosage the uri- 
narji^ gonadotropin levels gradually exceeded normal limits once again. 
These findings are in accord with results obtained bj' other investigators 
who demonstrated the depression effect of comparative!}' massive doses of 
testosterone on the pituitary gland in experimental castrated animals (11). 

All hormonal therapy was discontinued. The patient was then given 
0.5 mg. of estradiol orally daily. With this dosage the F.S.H. excretion re- 
mained above 212 m.u. per twenty-four hours after twenty-eight days of 
therapy. The patient then received no therapy for sixty-five days, after 
w'hich time he again received 75 mg. of testosterone propionate per week. 
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lOk'vcn (lays lat(M- I his lh(M-ai)y was conihiiuMl with 2 mp;. of estradiol orally 
daily. 'Pwo wcndcs later the gonadotropin level remained 212-31S ni.n. per 
twenty-four luairs. 'rwenty-four days after heginninp; this treatment the 
gonadotropin level reached a noianal vahie, Onee again the inhibitory ac- 
tion of estrogen ujjon the aiiterior pituitary was demonstrated and may 



be compared with similar efTects obtained with testosterone in more than 
physiologic doses. 

In Figure 6 an instance is shown in which increased doses of testosterone 
propionate over a period of twelve weeks, culminating in doses of 300 mg. 
for three Aveeks, succeeded in depressing the gonadotropin titer slightly. 
The 17-ketosteriod level at this time Avas reported as 23.6 mg. per tAveihy^- 
four hours. The dose of testosterone propionate Avas then reduced to 150 


13 URINARY I7-KS../24 HRS. 
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mg. i)cr woc'k aiul ostradiol in a doso of 1 mg. orally daily was ]ncs(‘ribcd 
and later ineroasod to mg. orally daily. This did not alter the titer of 
urinary gonadotrojiins and gradtially the level rose to over ‘124 m.u. per 
24-hour siieeimen. 

In Tigure 7 the .same severely eumiehoid individual referred to in Figure 
0 was given estrogenie suhstanec, having reeeivcd at least 1.70 mg. of 
testosterone ])ropionate jM'r week in the preceding five months. The tc.s- 
tosterone jiropionate and, in addition, acpieous testicular extract in do.se.s 
as high as 4 ee. per day were incapable of rcfhieing the gonadotropin titer, 
as evidenced by repeated a.s.says. Stilbestrol was then begun in doses of 
O.o mg. daily with no cfTcct on the F.S.H. level. The 17-kctosteroid level 
was 13.S mg., and the gonadotropin titer was reported a.s over 424 m.u. 
per twenty-four hours. After seven weeks of therapy the do.sage of stil- 
bestrol was increased to 1..5 mg. orally daily, with resultant dcpre.ssion of 
the F.S.H. titer to 318-424 m.\i. per twenty-four hours. Therexipon the 
dosage of stilbestrol was inerca.«od to 2.0 mg. orally daily and the testo.ster- 
one propionate reducetl to 1.70 mg. per week. During thi.s therapy a greater 
depre.-^sion of the gonadotropin level occurred, re.sulting in normal value.?. 
Thi.s level was maintained as long as the e.strogen was given in this do.sage. 
Reduction in estrogen intake was followed by a gradual elevation of the 
F.S.H. level, and discontinuation of estrogen therapy resulted in a rise to 
the original titer of over 424 m.u. per twenty-four hour .speeimen. After a 
period of two months during which no therapy was given, the patient was 
given 100 mg. of testosterone propionate weekl}' and, in addition received 
2 mg. of estrololactone daily. After five weeks of this therapy no noticeable 
effect was produced, and the gonadotropin exeretion remained over 424 
m.u. per twenty-four hours. 

In Figure 8 are demonstrated the urinary' gonadotropin and 17-ketoster- 
oid levels in a eunuchoid indi\’idual in whom dosage of 75 mg. of tes- 
tosterone propionate per week for almost two years had produced a pro- 
nounced increase in masculinization. Under this regimen the gonadotropin 
level still exceeded 212 m.u. per tw’enty-four hours, and the 17-ketosteroid 
level was reported as 9.3 mg. per twenty-four hour .specimen. An increase in 
the dose of testosterone propionate to 15Q mg. per week for nine weeks re- 
sulted in urinarj'- gonadotropin titers of 105-212 m.u. Further increase in 
the dose of testosterone propionate to 300 mg. per week elevated the 17- 
ketosteroid level to 12.9 mg. per twentj^’-four hours but did not alter the 
F.S.H. level. Stilbestrol in doses of 0.5 mg. daily depressed the gonado- 
tropin level to normal within two wrecks. Upon cessation of therapy the 
titer of urinary gonadotropins gradually increased to the original level of 
over 424 m.u. per twenty-four hour specimen. 
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In the aliov(’ oases we have demonstralcd the relative laek of effect of 
testosterone on the nrinary titer of folliele-stiinulating liormonc of the an- 
terior pitnitary in the urine of jiatients sufferin}; with testicular deficiency. 
In the eases illustrated, the use of testosterone in anunints suflieient to 



Fig. 8 

raise the titer of 17-ketosteroids to normal range asserted little or no effect 
on the F.S.H, titer. Some influence is shown when large doses were em- 
ployed. The graphs also demonstrate that estrogens in doses approximating 
those in common chnical use do lower the urinary F.S.H. in patients mth 
testicular failure. 
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Allliougli !i liick of tililiznlion hns hccti po-shiliilcd ms Iho roMson for high 
(il('rs of gonndolropins in Iho nrino of onntiohoifl mon. Ilu' r(‘V('rso oouhl 
sonrooly ho nn oxiihiiiMtion for Ifjo lowor lovols of Ihoso suhslnnoos niidor 
tlio oirouinslMiioos oih'd nhovo. In llioso insinnoos pilnilnry snpprossif)n 
would MjipoMr M more logionl ('xplnuMlion, 


coN'cnrsioNs 

1. In o;is(>s (»f sovon* hypogoiiMdistn in tho innlo, uriiniry tihns woro 

not roduood to nornnil lovols hy MdininisItMlion of tostfjstorono in tlio usumI 
thor:q)outio form ;md dosMg<*, nn<l in Minonnts suflioiord to oronlo norniMl 
titors of nrinnry 17-lc('|j)st(n()ids and o)ini»-al signs of masonlinizMtion. ^'(>ry 
largo doses of tostoslorono apparently do have this power, ;is has hoon 
jiroviously olaimod. 

2. Stillx'strol when ojnployod in ordinary thorap(*ntio doses does low('r 
tho urinary I'.S.H. liter in primary hypogonadism in num, 

o. I^strololaotono in dos(‘s of 2.0 mg. p('i‘ day faihai to lower urinary 
gonjidotroinns in one patient. 

•1. d'ostosti'rone in the doses emjiloyod hoi(‘ is ade([u.'d(' to ov(‘reome 
aiulrogen delieienoy, hut fails to itdiihit pituit.ary activity. 'I'ln'sf' f.aots are 
consistent with the theory that a .seeoml testicular hormone (iidiihin) 
exists normally, and th.at it has a j)iluil.ary-inhil)iting pow('r similar to 
that of estrogen. 
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Fruin llif l)i jtnr!i>ii n( i>f fnftntnl Mrilirhir, ihi- iif 

»!»(/ [fir !)rj>itr[iuiii(nf Xt iiro^'itriji ni, 

Thr L<tltr</ f’/inir. la^riirfimirKu 

T IIIO <l(*V(*l(ijinu'iit of hoiiy mid tis.viic olimmcs in pntimits with ncro- 
nu'gnly is so insidious tiinl tlu' virMinis of this disordor ns n ruh* seek 
incdicnl nssistnncc only in its ndvmu-cd stnj^os. \'cry litth' t-mi then Ix' nc- 
(’onijilislu’d in tin' coircction of tliosi* (dTcrts. 

On Iho other hnnd, satisfactory tr<*afnicnt of acronicjialy is usually 
])ossihle pro\‘idin,c: the condition is reeoj'nized ('arly, and if ('ner^(‘tie at- 
ternjits are niaih' to follow patients with this malady at ri'^ular intervals, 
'I'lie unpredictable course of aerom(%'dy. however, renders evaluation of 
treatnK'iit diflieult in some eases. 'Phis review of our e\p(‘riene(' in tlu' 
manaixeuKuit of aeronu'^^aly was undertak<*n to (*valuate past triiatment 
with the hofie of possible improvement in the future. 

d'he first object iv(! of treatment is the relief of symptoms resulting; from 
the expanding tumor, if such exists, wlu<*h may e:iuse heiidache and visual 
or other neurolojiic disturbances. Many patients with acrom(‘f;aly are not 
alTected in this way. so tliat the question of treatment of secondary hor- 
monal signs 01- .symptoms must be investigated. Occasionally an enlarged 
sella is found on roentgenologic studies of an individual without obvious 
acromegaly and lacking .symjitoms or evidence of i)ressuro cfTects, and in 
wliom there is no evidence of liormonal change even after exliaustivc an- 
alyses, Since early treatment of this condition is important, such cases 
must be included as subjects for therapy whenever any change indicative 
of expanding tumor or increased liormonal activity becomes app.arent. At 
this time as well as on first examination we are confronted with the prob- 
lem of demonstrating active acromegaly or hyperpituitarism. Signs or 
symptoms of increased local pressure from the tumor do not necessarily 
mean hormonal overactivity, but an attempt .should bo made to relieve 
pressure regardless of the question of progressive acromegal3\ Amenorrhea 
in the female and impotence in the male maj'’ usuallj^ be considered second- 
ary effects due to pressure, since these sjunptoms occur chietl}^ after con- 
siderable enlargement of the sella. These dysfunctions are sufficient to 
warrant conservative therapy, namelj'' radiation. 

If all evidence of intracranial and intrasellar pressure is absent, how can 
one be sure that hj'^peractivity is nonexistent? The presence of acromegalic 
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chnnpos. i.c., ]ir()pnn(hisin, conr.'jpncti faoinl features, cnlarpeniont of (he 
(oupue. hamls ami feet, does not. indieatc aetivity at the time of the initial 
examination, and sinee these findinps develop so insidiously, months of 
observation may be, neeessary to establish the presenee of hyperseeretion 
of the pituitary prowth factor. 'I'wo other hormonal effects are .Md)ject to 
clinical appraisal; namely, the thyrotropic and (he diabetogenic factors. 
The first usually causes enlargement of the thyroid and an elevated basal 
metabolic rate together with clinical hyperthyroidism. .Active diabetes, 
particularly of recent origin, is often considered evidence of exce.«s pitui- 
tary secretion, yet it is our impression that either or both of these hormonal 
complications may be present without concomitant progre.^sive enlarge- 
ment of the acral parts. Explanation of the first phenomenon might be 
found in the catabolic nature of hyperthyroidism offsetting the anabolic 
nature of early active acromegaly; and in the second instance, as .suggested 
by Young (1), diabetes may be the rc.sult of exhaustion of the i.slets of 
Langerhans following prolonged overstimulation. 

Reifenstein (2) cl al. have suggested that the level of blood phosphorus, 
beca\ise of its elevation during the active growth period in a normal in- 
dividual, may be used as an index of growth hormone in acromegaly. These 
authors apparently consider 3.2 mg. per 100 cc. as the average normal 
value. In observations on 19 cases, 4 of which wore from this series, we ob- 
tained values as shown in Table 1. There appears to be a lowering in these 
cases after roentgen therapy. Persistent values over 4.5 mg. per 100 cc. 
point to increased growth activity, but we believe that too much emphasis 
should not be placed on single estimations, especially between values of 
4to4.5mg. per 100 cc., because of (he po.ssible inherent error in the analy- 
sis when carried out in routine clinical laboratories. Specimens should be 
taken during fasting, since food tends to lower blood phosphorus. 

The term “fugitive” acromegaly, used by the late Dr. Cushing, is in it- 
self a fugitive term and unless the indi\idual in question has an enlarge- 
ment of the sella or some other stigmata of pre\'ious pituitary hj^Derac- 
thdty, such a diagnosis is largely conjecture. The condition is most fre- 
quently seen in cases of chromophobe or mixed pituitary" tumor. Sosman 
has pointed out that cases of chromophobe tumor may have a brief period 
of pituitarj" h 3 q)eracti\'ity with shght acromegahe changes, followed soon 
by the classical chromophobe signs and symptoms. 

In young females, when e^^dence of pressure is lacking and when there 
are in the face and extremities early tissue changes which may be partiallj^ 
reversible together with a minimum of irreversible bonj" enlargement, 
earlj’- therapy is justified even without the usual clear-cut e\'idence of hj’’- 
peractivity. In these cases particularly, a persistently high blood phos- 
phorus should be helpful. 
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Avcviv^e before initial frealinent, active cases, 4. 02. 

Averafio after initial treatment, active ease.-;, .'bO. 

Average, inactive cases, 3.o. 

t Treatment usually consisted of one cour.se of x-ray therapy between first amt second 
figures. Subsequent figures listed under “Before treatment” show values before second 
course, in patients still being treated. 

* “Burned out.” No treatment. 

** After surgery and .\-ray treatment. 

f After x-ray treatment. 

§ AVe are indebted to Dr. Anna Forbes of the i\Ia.s,sachusctts General Hospital for 
some of these analyses in this case. 

One must rely upon the history in some patients to establish early acro- 
megalic effects since prognathism maj^ not be detectable; but if suspected, 
enlargement of the hands and feet must also be present to render question- 
able prognathism of significance. Radiation therapy, in these cases, too, 
is the logical treatment for at least six months or a year unless there is in- 
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creasing ini])ainncn( of flic visual fiohls. During this lime an atfcmpf may 
he made (o find evidence of jnogression by careful comparafive measurc- 
menfs of flic sella turcica, jiliolograplis. roenigenograms or plaster replicas 
of the face and hands. 'I'lie volume of water displaced by hands was used 
many years ago by I'alt.a (li) for estimating tissue changes. In young 
females it is desirable, if not imperative, to preserve normal f.acial features, 
and surgical removal of (he tumor .should be seriously considered as the 
most logical therajiy if no other contraimiications exist. It must be re- 
membered, however, that .surgical removal of (he tumor is not always 
satisfactory and carries a certain ri.sk. While it may thwart acromegaly, 
there is no positive a.ssurance (hat the adenoma will not recur becau.se of 
technical dilliculties in its enucleation. Furthermore, if a young acromegalic 
female is menstruating rcgidarly and wishes chihlren, either radiation or 
.surgical treatment might be followed by amenorrhea, although avc have 
not seen this happen after cither form of therapy in such cases. Both types 
of treatment may restore normal men.struation (and ovulation?) in the 
amenorrheic, acromegalic patient, but (here i.s a po.s.sibility of permanent 
ce.ssation of the catamenia after .surgical removal of the adenoma. The 
decision as to which cour.se to pur.sue in such cases is difficult, but the 
.safer certainly is roentgen therapy, if any treatment at all seems war- 
ranted before conception. 

Objectives of treatment in acromegalj' maj" be summarized as follows: 
A. Relic/ of pressure and its effects 

1. Relief from local pressure symptoms on adjacent structures 

a. Headaches. 

b. Visual disturbances {i.e., field defects and impaired acuity). 

c. Prevention of exten.sion of growth into the sphenoid sinuses or 
above the sella intracranially, and possiblj" recession of invasion 
in these areas. 

d. Mental or neurologic changes, such as convulsions, hemiplegias 
and psj'choses. 

2. Relief from pressure within the sella by the tumor on normal pitui- 
tary tissue or on the neurohypophj^sis. 

a. Amenorrhea in the female. 

b. Impotence in the male. 

B. Relief of hyperhormonal effects 

1. Prevention of further bone changes or diminution of tissue effects of 

acromegaly with possible restoration to normal in earlj'- cases. 

2. Relief of headaches (which maj'^ be of hormonal origin). 

3. Relief of hj^jerthyroidism. 
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•J. Conlrol of (linh('l('s. 

5. Dccivmso in CMniioviisctiliir syniplonis. s\i(‘h ns liypcrlonsion or con- 
gos(iv(' lu'.'irl f.'iilnrc. 

(i. of syinjitoins fi'oin hoiu* (linn.'ij^c, sii<*li ns hyp(M'l ro|)irH; jir- 

llirilis. (•xos(f)S('s. kyphosis or oihcr or( iiopc'dir (■oini)Iic.'i(ions: nnrl 
j)('rh;ij)s prcvoni ion of tlu's(' {)rogr('ssiv(' (’orulilions. 

(if hitc or ('onroinilont hiijiohoniiondl vjfccfs 
HOKX'l’CKX DIAC.XOSIS 

'Djc rocnfficn din^nosls of r)tronu)f)hil hnnrjrs is (l(•{)f>nd(•^^ n{)on (ho 
(ijulinjis in tin' oraninl v:\nlt. and tin' most important clianpio is the diroct 
prcssnro ('Hoot upon th('S('ila (nroica. Jn a Inmor arisinji; within tho solla 
itsolf and held in chock superiorly hy the ca))snlc. tlu'rc is a gradnal bal- 
looning of tin' solla, jirodncing thinning of tin' bony wall, depression of the 
floor into tin' sjdn'iioid sinnses, dorsid disj)lacement of the dorsal clinoifls 
associated with thinning and occasion:illy fnictnn', or comphde; absorp- 
tion. 'riie .•int('rior clinoids may be jnishcf! fartln'r .-ipart than normal. I'ni- 
lateral enlargenn'iit is not uncommon, 'fhe six<' of the sella v;iries in normal 
individuals ami it is necess.'iry, therefore, to est.'d)lish its limits .'irbitrarily; 
thus, a tumor may be of considerable size, having })rodnced bone and soft 
(i.<suc changes, before' the se'lla beconn's enlarged beyond the upper limits 
of normal. We believe i\ sella turcica 12 mm. deej) by 1.5 mm. wide is a 
.satisfactory stand.ard for the upper limits of normal, .'ind 22 to 2(5 mm. as 
the normal dimetision for t.lu' distance' betwe'en the anterior e-linoids when 
measured in (he pe)s(e'ro-anterior view. 

For .some time we lunx' been u.sing (lie lateavd e'ontour area, a.s mca.sured 
in square millimeters on transparent ruled paper, after the method of Haas, 
(4), for .suceG.s.si\-c .seiietl eoenparisons of .sellai' size. We believe this prob- 
ably provides a more accurate method than using depth and width meas- 
urements of (he sella turcica for such })urposcs, 'I'lic average area of the 
lateral contour is appro.ximately 74 sq. mm. with a normal range of from 
70 to 130 sq. mm. Values of 130 to 150 sq. mm. may be considered border- 
line. In the presence of other findings, .such as thinning of the floor of the 
sella, and enlargement of (he acce.ssoiy sinuses or prognathism, the diag- 
nosis should be suggested regardless of the size of the pituitary fossa. 


CLINICAL iMATERIALS AND METHODS 

Twenty-nine patients with acromegal}'- were seen at the Lahe}^ Clinic 
from 1932 to 1945 (Tables 2 to 5). Clinical data on these cases for the 
most part have been described elsewhere (5). Of the 29 patients, 1 ivas 
untraced, 7 were reached by mail, and 6 are dead. Of these, 20 patients re- 
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('civcd at tho Clin'u’ citlu'r radiation or radiation and surpral treatment 
directed toward the jiituitary itself, as follows; snifiieal removal of the 
pituitary tumor. .0 eases (followed hy radiation in 2 eases); surgical ex- 
ploration without removal of tumor. 1 case; and roentgen therapy without 
surgical removal of the adenoma. 1-1 cases. Three other ])atients in this 
scries received radiation therajn* elsewhere. In addition, other therapeutic 
procedures of importance, were; subtotal thyroidectomy. 2 eases; thiouraeil 
for hyperthyroidism followed hy subtotal thyroidectomy, 1 case; removal 
of osteoma of the orbit. 1 case; treatment to relieve jiain of dorsal kypho- 
sis, 2 cases; and for pain of hypertrophic ami mihl arthritis, 2 cases; stil- 
bcstrol administration in an attempt to relieve headache and hot flashes, 
2 cases; for persistent lactation, 1 case; and for amenorrhea, 1 case. 

Mcllind for Radiation Tlicrapij 

Radiation is generally considered the method of choice in the treatment 
of chromophil pituitary adenomas producing acromegaly (0) (Table 2). 
Marked visual-field defects arc not frequent in this disorder so that in 
most instances radiation is used in cases of headache and to decrease the 
size of the tumor in an attempt to relieve the compressed portions of the 
normal gland and thus permit it to function again, as well as to decrease 
the hormonal secretion of the tumor itself. 

No uniform plan of roentgen dosage was employed; treatment was given 
empirically when deemed nece.«sary because of .symptoms. .-V review of the 
therapeutic re-sults in this group .shows that those who received larger 
doses of irradiation have had, as a rule, greater and more lasting relief. 
The lethal dose for this tumor is not known, and no patient has received 
sufficient radiation to produce clinical evidence of brain or bone damage 
and no severe .skin changes have thus far developed. 

The present plan of radiation therapy is to direct the beam through two 
lateral portals using 200 k.v.p., 20 ma., 50 cm. distance, 1 mm. of copper 
plus 1 mm. of aluminum, HVL 3.7 mm. copper, gi^^ng 300 to 400 r 
(measured in air) dailj^ through a 5 cm. portal, treating one portal daily, 
with the x-ray beam directed through the temporal region toward the 
sella turcica. A series of ten treatments with the total dose of 2000 r to 
each temporal region, is given. The approximate tumor dose delivered to 
the pituitary was 50 per cent of the air dose or a total tumor dose of 2000 
r dehvered to the tumor. This may be repeated eight weeks later, although 
if the tumor is radiosensitive an initial series of ten treatments should be 
large enough to produce good palliative results. If relief is not attained by 
this amount of therapy, it may be because the lesion is radioresistant and 
possiblj-- cystic. It is fair to assume, however, that more persistent pal- 
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liation may be obtained by further treatment, a course Ave are now pur- 
suing. 

It is customary, following the plan of Sosman, to give irradiation usually 
within the first month, to all postoperative cases. This treatment consists 
of the same factors as previously outlined. 
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17X12 

19X14 
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Subtotal thyroidrrtomv 
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IXtrone sulfate or •til- 
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AcTomeRalir RjRanti-m; rrdur*'d libido. Testes somewhat 
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me. daily 
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riod- returned. 
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Ilcad-'icliej! porsi.-t. No other clianRO. Depree of acro- 
mepaly not known but patient writes “condition same.*’ 
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total th>TOidectomy; pood result for 3 years, then re- 
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, X-ray treatment seemed to stop propress which had 
, been steady for six years. Some tissue regression noted. 

Excessive flow stopped, as did much of headache. No follow- 
' up after last x-ray treatment. Epilepticattacks (seven}) 
j which did not recur for 1 jt. after treatment. 

20 X22 
Depressed 
into 

sphenoid 


Obliteration of 
oral pharjmx by 
tongue 


1 Chronic exhaustion; excessive drowsiness. Th 3 Toid nor- 
mal; BMR -i-5. Positive glucose tolerance curve. Be- 
; spoase to 12 X300 r. Excellent sjTnptomatic relief. 


RESULTS 


1. Tissue changes 


RADIATION THERAPY 


As a result of radiation, regression of the enlarged soft tissues may take 
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hangc; 
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noted 
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jiationt ; 

namely. 

that 

the 


tongue feels and hecoinos smaller, and the flesh of the hands, partieularlj’ 
of the ])alms i)eeonies more plial)l(?. 'I'hesc results ean be exjjoetod in four 
to eight weeks following radiation. .Attempts to demonstrate this ehangc 
by photographs and plaster easts as yet have not been satisfaetory, but 
it .should be possible to illustrate tissue regression in some eases; however, 
these procedures have not been u.sed extensively. .As far as we have been 
able to tell, only 2 of our treated patients liave .''hown any noticeable prog- 
re.ss in the enlargement of the acral parts after treatment was begun 
(Ca.scs 7 and S). 

2. Visual changes 

In one case visual field defects were completel}" eliminated following 
radiation. Improvement of visual acuity was observed in another patient 
with general]}^ re.st 2 -icted fields. Two othei’ patients were thought to have 
slight improvement in minor visual field changes, but this was equivocal. 
Marked improvement in visual field defects occurred in two other patients 
but both have been subsequently operated upon (1946), one because of a 
sudden hemorrhage within the adenoma some months after the last 
course of radiation (Case 20), with great visual impairment, and the other, 
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procre** in nrromeealy. SurRery cau*ed tiMue rc- 
cro-*ion, nnd relief of .amenorrhea. HeadacliM con- 
tinue but le** hevero. 

UncK^'«ifird 

20X11 

21 xio 

Arnrn<ifrh»'n du*' to h>**t< trc* 
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Halved vi*inn in one eye liefore irradiation, improv- 
int: at fir>t on x-ray therapy, then sudden, rapid pro- 
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because of an enlarging sella and decreasing vision in spite of radiation 
(Case 7 ) — see section on treatment with estrogens (Figs. 1 and 3). 

S. Chaiiges iu (he size of (he scUa (nrcica {Tabic 5) 

In 14 cases we were able to make roentgenograms of the skull from time 
to time, and the following observations were made. In one case (Case 5) 
in which the diagnosis of acromegaly was made in 1936, a subtotal thy- 
roidectomy was successfully performed because of hyperthyroidism. At 
that time the sella was not eonsidered to be enlarged. The patient returned 
seven years later because of headache. The sella had increased from 17 by 
12 mm. to 19 bj-- 14 mm. Two roentgen treatments were followed bj" acute 
psychosis. This patient was transferred to a mental hospital where she 
died subsequently of pneumonia, never haAung recovered from her psy- 
chotic state. She should have returned for periodic examination, since 
earlier radiation therapy might well have prevented the expanding tumor 
and probably the psychosis. In another acromegalic (Case 7 ; Figs. 2 and 
3), no progressive enlargement was detected during the first year of ob- 
servation, but it rapidly developed in the second year. Iso treatment was 
given in this case until visual field defects as well as a change in the acro- 
megaly was noted. In 4 other cases in which inadequate therapy was given 
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BONES (coat.) 

study of function, with radioautog- 
raphy, 1153* 

ossification of, in precocious puberty 

associated with ovarian dysgernii- 
noma, 1349* 

osteitis deformans; glucose tolerance 

curves in, 907* 

osteitis deformans; insulin for relief 

of pain in, 385* 

osteoh'tic metastases; hypercalceniic 

syndrome associated with sex hor- 
mone therapy in, 1* 

radioiodine content of red marrow 

and of metastases, 56 hours after oral 
ingestion of I“* for thjToid cancer, 
1379* 

BOOKS RECEIVED, 474 
BRAIN; see also Emotion; Mental disease; 
Psychoneurosis; Nervous system; Pitui- 
tary 

— — decerebrate rats; carbohj-drate me- 
tabolism in 670t 

electrocerebral dysfunction and spon- 
taneous hypocalcemia, 39S 
electroencephalogram; effect of Com- 
pound E on, in Addison’s disease, 660t 

electroencephalogram in Turner’s 

syndrome in the male, 1333* 

encephalogram in pheochromocy- 

toma with hypothalamic manifesta- 
tions, 782* 

BREAST 

cancer; androgenic and estrogenic 

therapj’ of; hypercalceniic syndrome 
associated i\-ith, 1* 

carcinoma, inoperable; effects of 

testosterone on peripheral blood and 
on bone marrow in, 666 f 
carcinoma; metastases to bone; ef- 
fect of testerone propionate on, 1314* 
during progesterone therapj- of uter- 
ine leiomj-omas, 1273* 

in S-j-ear-old girl ivith ovarian dj’s- 

germiuoma, 1349* 

lactation, cessation of; effect on 

hj-perthj-roidism, 330* 

persistent lactation in acromegalv, 

126* 

prolactin; assaj- of, in breast car- 
cinoma, chronic cj-stic mastitis and 
other endocrine disorders, 653 1 

GYNECOMASTIA 

associated n-ith corticoadrenal tu- 
mor, 255*, 791* 

associated with feminizing andro- 
blastoma testis, 301* 

enlargement of nipples in male dog 

with feminizing testicular tumor, 
579* 


BREAST (cont.) 

gynecomastia (cont.) 

in paraplegic males 457* 

BRITISH AMERICAN EXCHANGE 
FELLOWSHIPS in cancer research, 
awarded bj' the American Cancer Soci- 
etj', 575 
BROMINE 

replacing iodine in thyroxine; effect, 

1099*, 1107* 

sodium bromide, unable to inhibit 

iodine-deficient goiter, in rats, 1107* 
tetraethj-lammonium bromide, in di- 
agnosis of pheochromocj-toma, 478 

OALCIUM METABOLISM: see also 
Blood, calcium; Bones; Electrolj’tes; 
Parathj-roids 

calcium balance in Cushing’s sj-n- 

drome with “steroid diabetes,” 672t 

calcium retention correlated ivith 

potassium loss, following single dose of 
DOC A, 660 1 

hj-percalcemia in breast cancer with 

bone metastases; effect of androgen 
therapj- on, 1314* 

hypercalcemic sj-ndrome associated 

\i-ith androgenic and estrogenic ther- 
apy, 1* 

in pseudohj-poparathj-roidism, 862*, 

665 1 

recalcification of osteolj’tic and de- 
calcification of osteoplastic metastases 
to bone from breast cancer, during 
androgen therapj-, 1314* 

spontaneous hj-poealcemia and elec- 

trocerebral dvsfunction, 398 

CANCER: see also under various organs in- 
volved; and under Tumors 

destruction of metastasis of thj-roid 

cancer, treated i\-ith radioiodine, 
1122*, 1138* 

incidence of, in endocrine case his- 
tories, 682 1 

CARBOHA'DRATE METABOLISM: see 
also Adrenals; Blood, sugar; Diabetes 
melhtus; Insulin 

citric acid response to oral glucose; 

abnormalities in diabetes, 400 

dextrose tolerance test: sec Blood, 

sugar 

effect of implanted PZ insulin on, in 

normal and diabetic rabbits, SIS* 

following ACTH intravenouslj-, 593* 

glucose and galactose administered 

simultaneouslj-; metabolism of, in 
man, 070 f 

glucose tolerance test: Blood, 

sugar ~ 

glj-cine and total amino acids in vari- 
ous pathologic conditions, 398 
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Measurements in 
millimeters 

Measurements 
in square 
millimeters 

Period 
of titne 
liet ween 

measure- 

ments 

Numlier of 
tre.atments* 
hot ween 

measure- 

ments 

Decrease 
in size 





Case 1 

IGXlO to 11 XlO 

207 to 101 

1.3 yrs. 

.32 

Case 2 

2Sx3.a to 21 xO.a 

1020 to 001 

2 yrs. 

1.3 

Case .3 

11 Xl7 to 1.3X1.T 

211 to l.Sl 

0 yrs. 

•12 

Case G 

MX In to 11 X13 

210 to lOS 

.3 yrs. 

2-1 

Case 12 

21 X22 to 10x22 

•I ts to .3S,S 

•1 yrs. 

12 

Case 17 

ISxlO to 1.7X10 to 
10X20 

2S.7 to 2.72 

1 i yrs. 

0 (postoj).) 

Case IS 

17X20 to 10X17 

.300 to .320 

10 mos. 

12 (po.sto|).) 

Case 20 

20X11 to 21 XlO 

17S to 101 

.7 mos. 

7 (preop.) 

S (])ostop.) 


Increase 
in size 


Case 

o 

17X12 to 19XM 


7 yrs. 

2 

Case 

s 

20X21 to 21 X22 to 

2.3 X2r) 

347 to 30.3 

4 yrs. 

30 

Case 

9 

1.7 XlG to 1.7 X IS to 
MX IS 

215 to 2.70 

1:1 yr.s. 

24 

Case 

10 

10X15 to 12X15 

] 

25S to 420 [ 
470 to 793j 

1 yr. 

12 

Case 

7 

rt. 15x23 to It. 22X23 to 
rt. 22X25 to It. 30x34 

3 yrs. 

IS 

Case 19 

14X20 to 15X20 

210 to 254 

0 yrs. 

IS (preop.) 

0 (postop.) 


* Each treatment 300r. 


an increase in sellar size occurred. In one, this took place in spite of radia- 
tion and surgical removal of the tumor, and in another it occurred after 
adequate roentgen therapy. 

A decrease in the size of the sella was noted in 8 instances. In one 
case (Case 17) the decrease resulted after operation and radiation, but the 
sella again began to enlarge three years later (see section on surgeiy). The 
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c. 


Fig. Ic. Visual fields. Case 7, male aped 20. .lamiary 20, 101.5. Further decline in visual 
fields and acuity. Patient noted change in vision. Therapy begun. 


Maiive 

Scofoma 

^/doo VJ 


Fig. Id. Visual fields. Case 7, male aged 20. March 5, 1945. Visual fields showing 
marked improvement after six roentgen treatments. 
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llio (hirnlit)!). Ofliors, of (‘oiir.'^r, Imd in.'idoriiKilo r.'idiatiofi (lua-apy, and 
some liad suflieienl amounts wiflionf results ((aise S, tliirl y-si.v treatments). 

Thus, it apjH'ars that temj)orary relief can he obtained in stjme j^atients 
with a relatively small immher of treatments ((’ase 12, twelve), whereas 
others retpiin* a mueh larg('r dosage. In some instatices ndief .^eems unat- 
tainable even with adefpiate therapy and, as oraMirred in oiu; ease, even 
surp:ieal r(‘mo\'al of the tumor did tiot (rompletely relieve headacdies, .\?ial- 
gesies, sueh as aspirin or enpdrin eo/npound are rarel\' of great benefit. 

A. ('al(ii)icnia 

Perliaps one of th(' best indi<’ations of sueeess by r.'idi.alion tluaai})}' is 
tlie subsefpient re-establishment of imMistjiialion. 'Tumor pressure on pi- 
tuitary cells produ(“ing gonadotropic hormones or pn’ssure U[)on tlu; i)i- 
tuitary stalk is juobably I lie cause of amenorrhea, ratlu'r than excess go- 
na<iotropins from an over-active adenom.'i. It has been shown that this 
.symjdom rarely occurs if tlu' sell.a is within normrd limits, Ihanary gonado- 
tropins (I'SU) may be absent or reduced (S) (>xcep{ in those patients past 
the time of usual menopause: how(*ver, there is no constant pattern. A 
corollary (>xists in j)ituit:iry gigantisfu in which sexu.al d(!velopment is re- 
tarded in spite of exc(*ssive growth. 

Occasionally menorrhagia may develoj), which if excessive, may require 
drastic j)rocodures (/.e.. x-ray or surgery) if medical measures such as large 
doses of jirogestin or testosterone are of no .'i\’.*iil. 

0. Hiipcrdiiiroidism, diahvlcs and persistent lactation 

Hndiation therapy was given in one case of pituitary adciioma with 
hyperthyroidism. Although only twelve treatments wore given, no im- 
provement wa.s noted. Another patient (Cn.^o A) witli a metabolic rate of 
plu.s 43 per cent and acth'c diabetes, liowever, had a decrea.se in basal 
metabolism to plu.s 7 per cent, together witli an apparent improvement in 
glucose tolerance, although the latter may well have been clue to more 
careful diabetic management . 

Persistent lactation was unafTected by roentgen therapy in one case 
(Case 8), but was lessened b}-- stilbestrol in 5 mg. doses parent erally once a 
Aveek. Larger doses might have been tried. 

SURGERY 


17 and 18) had a surgical procedure because only a few acromegalic 
changes had occurred along with visual field defects, headache and amenor- 


erations (Table 3). Two young females (23 and 28 years of age— Cases 
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most ninrkotl (U'rroa.'-o which wo liavc soon ooourrcfl in a oaso of pituitary 
gigantism not inohulod in thissorios hut ])uhlishotl oIsciwiKU'o (7). hollowing 
radiation therapy the solla dooroasod from 2.S hy 11) mm. to ID by 13 mm. 
Kccaloitioation of the olinoids and floor of tho solla has l)oon noted in some 
cases without change in size of the .<ella. Such .alteration i)robal)ly can be 
interpreted as relief of jiressure from the expanding tumor. 


Headache 

Headache in acromegaly follows no constant ))attern. In only a few case.s 
can it be attributed delinitely to the expanding tumor, although this point 


.MARCH 42 


.MARCH 2 



Jan. 44 



Fio. 3. Latenil contour tmcitifis of .«ell.a turcic.a in acromcK.aly (Case 7). Xotc clis- 
proportional and proRrc-^sive cn!ar£;cincnt of left side. Minor clianges in lateral contour 
area are not too significant in view of the difficulty in accurately tracing borders of sella 
from stereoscopic films. Contour lines represent onU’ those in which a change was noted 
from previous films. 


i.s difficult to settle. E\'idence of local pre.^sure is found in some cases at 
operation when not suspected beforehand. The finding of increased spinal 
fluid pres.sure is, of cour.se, an indication for air-injection studies in order 
to detect any intracranial extension of the tumor. The variabilit}’’ of head- 
ache suggests its hormonal origin in some patients. Relief can be expected, 
at least temporarilj’-, following radiation but one has to consider the possi- 
ble p.sychic effect of this treatment in evaluation of .such a subjective 
S 3 Tnptom. Other objective changes are more rehable for determining effec- 
tiveness of radiation but such changes are not alwaj's forthcoming. 

In onlj-^ one of our cases Avas headache completelj'- aUeAuated for a period 
of two years after the last series of radiation. The greatest number of treat- 
ments giA'en to anj"- one patient (Case 3) was fortj'-two OA^er a period of six 
years, Avith only temporary’- cure Of headache foUoAA-ing each series. SeA’eral 
patients had marked rehef, but no follow-up report has been obtained as to 
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TinoATMKX'i' or no.w citAXcjrs 

Ostooin.'is niMV brcoiiu' l:irg(* ('lunifxli fo j)ro(luco syinplonis ntul n'quiro 
n'lnov.-il. OiK' of our pnlicnls ((’.'iso ‘JH) hnd u l;irp;(? os((!Oiii;i of the orbit nnd 
Ibis WMs ('nI ii-p;il('d siirnicnll y. 

llyp('rlro]diic ;ir(hrilis prodturd symptoms iii o j);di(mts. 'front nuuit in 
tlu'so o;is(‘s is (dtlior on n sym))tt)m:ilio or ortliopodi(> bnsis. I’nticmts who 
disphiyc'd mnrkod artliritio (■li!m^(*s had had tiio rlis('as(> for at least ('ip;ht 
years or mon‘; (aailier and more pei^islenl roent^(m therapy mi^ht have vr- 
tarded tin* (h’velopment of these ehan^(‘s. 

•rIn:A'r.^!r.^••r wrrit HSTHocrxs. Tr.sTosTintoN'K axd coxADoriiortxs 

ICst roficmie pi'oparations liave bi'en ^iven to some of onr [latiimts for vari- 
ous j)nrpos('s. Hot Hashes in wonnm past the menopause may eontimie in 
spite of treatment for acromegaly, ami estrogims ;ir(r useful. In 2 eases 
(C’;is('s () and lb) weeldy iul ramuseul.ar inject ion> of A mg. of stilbestrol 
administi'red for se\'eral months were not successful in ameliorating head- 
ache. 'flu' same medication used for pi'r.-istent lactation (( '.as(> S) api)eared 
to d(>er('as(' tlu' (low and to relieve* In'.'ul.'udies. A male* (('.’ise* 7) ree(*ived 
large doses of (’stroiH* sulbite and stilb(*strol (up to 1.") mg. daily), 'fhis {)ro- 
dueed sliglit bivast de\'elopmeut . some* loss of body hair, ;md loss of the 
visual imju'ovement which followed radiation therapy a few months before 
(I’ig. 2). I'urther (uilarge'uieut of the sella also took pl:iee so that surgical 
removal has since been done (lOK)). Cognizant of the fact that Zondek (9) 
])rodueed marked enlarg(*ment of th(^ hypophyses in rats with large doses of 
estradiol benzoate (given subcutaneously and pereutaneously), it occurred 
to us that estrogen iherajiy might have increased the size of the tumor in 
this ca.se. While estrogen therapy may inhibit the growth factor and de- 
crea.se blood idiosphorus as it did in one instance (Case 10, Table 1) the 
possibility of .simultaneous enlargement of the tumor with further visual 
change had to be con.sidcred. 'Die beneficial rc.sults of estrogen therapy in 
acromegaly have been reported by .several writers (lO-ll;}). 

A review of our cases in which further enlargement of the sella took place 
after therapy, either siu'gical or x-ray, shows that ti of the 7 i)aticnts re- 
ceived estrogens; whereas only 1 of the 7 who had a permanent decrease 
in size received estrogen therapy. Whether or not estrogens are contraindi- 
cated is difficult to say, since they were administered usually to those pa- 
tients in whom there might be reason to believe progression was already 
under way. Further observations are necessary. 

We have not used testosterone in anj*- of the male patients in this series, 
chiefly because none of these patients who have been under our continual 
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rhea. Both operations were followed by .'^ix x-ray trejilments of 300 r each. 
Headaehes were relieved (twenty-four months), but .‘imenorrhe.a has per- 
sisted. No further aeromegalie ehan};es have resulted: in faet, there was 
excellent repression of tissue ehanpes in one and moderate alteration in the 
other. The latter patient pained exee.ssivc weipht whereas in the former, 
hot flashes have pcr.Yisted (ape 2.3). This patient had persistent anemia and 
complained of lassitude for thirty-six months after operation, but at the 
time of the last visit both had imjuovcd. .An enlarpinp .'.ella, however, indi- 
cated recurrence, for which x-ray therapy has been instituted. 

In another patient, ape 3.3 (Case 10), who received inaderpiate radiation 
therapy largely because of the inacce.^jsibility of a place where this could be 
given, and because of fairly rapid enlarpement of the sella with increasing 
headache, an operation was performed. Considerable regression of ti.ssue 
changes followed but comjjlctc relief of headache was onlj’ temporary, there 
being some mild head discomfort when .‘jhc was last seen. Menstruation 
returned fairly regularly in this ca.'^e, as it had previously after a course of 
radiation therapy. Operation could be considered successful to date, so far 
as prevention of further acromegalic changes and restoration of normal 
catamenia are concerned, but only partly so with regard to headache. Only 
questionable visual field changes were i)resent before operation. 

A fourth patient (Case 15) had had forty x-ray treatments in two years, 
and then had several operations, one in 19,32 and another in 1937. She died 
elsewhere in 1940 following an exploration attempted because she had be- 
come semicomatose. Improvement in this case followed each of the first 
two operations but lasted only a few j'ears. .At the first operation the tumor 
had extended into the floor of the third ventricle, making subtotal extir- 
pation hazardous. Had operation been performed earlier in the course of 
her disease, or if more Aigorous radiation had been given, this patient might 
have been saved. 

The only male (Table 3, Case 16) subjected to operation up to 1945 
was a patient aged 30 who had received no benefit from radiation therapj" 
elsewhere; he was operated upon because of headache. Exploration re- 
vealed much edema but only a small pituitary adenoma (sella enlarged) 
which was not removed. Relief of headache was onlj’’ temporar 3 \ He died 
of leukemia nine months later; his blood counts at the time of operation 
were normal. Acromegalj*^ had been present onlj'- two 3 ’^ears. 

Of 4 cases in which the pituitary tumor was removed, the pathologic re- 
port was eosinophilic adenoma in 2 and mixed t 3 TDe in 1. The material re- 
moved in the fourth case was unsatisfactor 3 ’^ for microscopic diagnosis, 
presumabl 3 ^ because of degeneration of tumor cells. 
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'I'HKA'rMK.NT OK fJOITKH AM) H VKKHTIIYHOIDISM 

Only 'A CMSKS in this SKiins sho\v('(l nctivc hyjHMlhyroiflism. 'I'wo pnlicMits 
wcMv o)KM-Mt('d ujion with th(' nsu:i! jjrcpnrntion jind jm cxcclh'nt rnsidt ol)- 
t.'iinc'd. 'Diis is not uniwjs'd (‘XfK'ricnf’c (}'>). A Uiird j):it}cnl ((’use 12) 
w:is :i ninn of -10 with n vory l:irj;<‘ goiter, jind .'in initiid nict.'diolic r;do of 
))lns 70 per (’(Mit. lie derived no lienidit from irnidintion of th(? pitnit.'iry or 
from iodine. Me wns pvim tliionr.'ieil ;md )iis condition improved, d’he 
meteholie niti' drojijied from plus .77 per eimt to phis 1 1 jK’f cent. Su!)fot:iI 
thyroidectomy w:is tlien performed without :iny po^tojierntive rcjiction. 
'The p.'itient reimiini'd well until recently, thirty-six months .-iftcr opcnition. 
when there .'iiipi’iiri'd to he n recurrence of hyjicrt hyroidism ('{’;d)le 2. 
C'nse 12). 'I’he metabolic rat<' was plus 27 p(‘r cent, 'rrcidment with jiropyl- 
thiour.'icil lias been started. 'I'here was no olivioiis incrcjisc in other asjiects 
of acrometjaly or any mental or lumrolo^ic chanj^i'. In a recent case not 
inchuh'd in this series, a nodular goiter was pri'sent which caused suflicient 
compr(\<sion of the tniclie.-i to produce stridor. 'Du' goitm* was removofl 
surgically without antithyroi<l <lrug pri'paratifjii, as tluue was no evidence 
of hypertliyroidism. 


.MK.N'rAU A.N'i) NKruoi.oun; cuaxuks 

Mental changes are probably more freijiient than have been noted. It 
seems to us that personality chang(*s may occur in a goodly number but 
may be entirely unsuspi'cted because of their gradual development. As 
mentioned before, an acute psychosis followed radiation therapy in one 
ease. Paranoia was present in another, but radiation treatment was not 
attempted. Our impre.'-sions as to per.sonality deviations following radia- 
tion thcrap}’ are vague and no reliable conclusions can be drawn. 

Convulsive seizures developed in 1 ease but did not recur until one j'ear 
after radiation therajiy. No further contact has been made with this 
patient. 

CAU.SE.S OK DEA'J’II 

Of the 29 patient. s who form the subject of this report, 7 are known to be 
dead. The causes of death in the 7 ca.ses were: 1) local regrowth and exten- 
sion of the tumor; 2) diabetic coma; 3) pneumonia during psychotic state; 
4) subacute bacterial endocarditis; 5) coronary infarction; 0) leukemia, 
and 7) meningitis, two months after satisfactoiy operation. 

IMPORTANCE OF REGULAR EXAMINATIONS 

Periodic examinations should be advised for all patients with acromegaly. 
This should be impressed upon them because of the possibility of a rapid 
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observation lias devoloped sipiiificaiit hyiiopif iiitarism or scromlary hy- 
pogonadism. In one female (Case d) testosterone pellets (75 mg.) were im- 
planted as a trial jirocedure for relief of lieadaeho. The patient rejiorted 
suflieiont improvement to desire a seeond implantation. From our e.xperi- 
ence in the treatment of jiatients with chromophobe tumors without 
acromegaly, beneficial results may be expected from testosterone therapy 
should hypofunction arise in the cour.^c of acromegaly (12, 13). Weokh’ 
doses of 50 to 100 mg. of testosterone propionate parentcrally should suf- 
fice. Implantation of testosterone pellets in a dose of 150 to 300 mg. is 
cfTectivc and at times preferable to the ji.'uentcrjd method. Alcthyltes- 
tosteronc in daily oral or sublingual doses of 20 to 50 mg. may be helpful. 
If evidence of adrenal insufficiency appears, desoxycorticosteronc or ad- 
renal cortical extract may be used. 

Pituitary gonadotropic or chorionic preparations have not been used in 
any of our patients with acromegaly, although definite re.sults were ob- 
tained in a case of pituitary gigantism (7). They might induce ovulation in 
cases of amenorrhea occurring from suppression of gonadotropic principles. 
Large doses of these preparations, either singly or combined, would have 
to be given. Such priming has doubtful value, although Lcrman (14) be- 
lieved good results were obtained with pregnant mare urine in a case of 
severe pituitary nijocedema. In one of our cases with severe hj'popitui- 
tarism, doses of from 25 to 50 units' per day for a period of a month failed 
to produce any change. 

THERAPY FOR jriSCELLAXEOUS SIGXS ^VXD SYMPTOMS 

For lassitude, which is a frequent complaint, particularly when pituitary 
actmtj’’ is ebbing, nothing has greater effect in our experience than benze- 
drine sulfate (in doses of 10 to 30 mg. per day). Desiccated thjToid, even 
in cases of marked hj^popituitarism, may not be well tolerated and is not of 
great value. Anemia which occurs in the hj'popituitar}' state seems to be 
unaffected bj' liver or iron, but may be improved slightly to moderately 
with testosterone. A marked improvement in anemia may indicate a recur- 
rence of tumor growth, or reestablishment of normal pituitary function 
(Case 17). 

Severe hjqjertension maj’- occasionally be a problem and the usual pal- 
liative measures should be tried. In none of the cases in this report was 
there hjqjertension of severe degree. In a recent case showing a high dia- 
stolic pressure little benefit was derived in this regard with roentgen 
therapy. 


' Courtesy of The Upjohn Company'. 
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cnl:iriiotiU'nt of tho .'■ella from llu' ('xpandinn Imiior or sudden liomnrrhagc. 
This is not always ])re('eded by an increase in otlier signs aiul symptoms. 

Some individuals with this disorder liavc so few complaints and the 
immediate results of roentgen therapy arc so slight that it is occasionally 
dillicult to ])ersua(le them that further treatment is necc.'^sary. Goldberg 
and Lisser (Kl) jiartic.ularly have strcs.<ed the importance of periodic ex- 
amination of acromegalics. Wo wi.sh to rc-cmphasir.c this point of view, 
believing that best results of treatment depend largely upon it. 

Earlier recognition of acromegaly is paramount if prevention of the dis- 
figuring aspects of this disease is to be expected. 

The finding of an elevated blood phosphorus level may prove to be a 
valuable indication of active acromegaly. 

Radiation therapy .should be given before operation, at least for a trial 
period of three to six months. In young females c.specially, operation 
.should be advi.scd if the disease i.s not controlled after six montlns of ade- 
quate radiation therapy. 

More intensive radiation therapy should be given than has been em- 
ployed in this .scries of cases. 

Patients with acromegaly should be seen at least once or twice a 3 'ear 
even if asymptomatic; visual fields and roentgenologic examinations 
should be done. 

Surgical treatment is indicated whenever irradiation therapj’ does not 
prevent progression of the disease or further enlargement of the sella. 

The pos.sibilit 3 ' of increasing the size of the pituitaiy adenoma b 3 ’ estro- 
gen therap 3 ' must be considered. 

Addendum 

Addendum: Since this article was submitted for publication, Ivinsell 
cl al. have noted that the simultaneous use of testosterone and estrogen will 
prevent the feminizing changes which were prominent in Case 10 of tliis 
series. (Kinsell, L. W., Michaels, G. D., Li, C. H. and Larsen, W. E. : 
Studies in growth. I. Interrelationship between pituitaiy grouTh factor 
and growth-promoting androgens in acromegal 3 ’’ and gigantism. II. Quan- 
titative evaluation of bone and soft tissue growth in acromegaly and 
gigantism, J. Clin. Endocrinol. 8: 1013-1036 (Dec.) 1948.) 
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graphic Icchnicpic (1). For this purpose, fhe hislologie sections were 
coaled with fluid emulsion atid allowed lo thy in llu' dark', d'lu' ('inulsioji 
was llius homharded hy (he redial ions fnim llu; radioaelive iodine present 
in I he seel ion. On development, d.ark silver granules ov('rlay the sections 
at the sites of nidioiodine d('j)osilit)n. 'I'his r.'ulioiodine in the sections was 
organic.'dly hound, since llu' tissiu's were lixerl, mounted in par.-dlin and 
sl.ained. and tluMadon* tlie iodine present .as iodide w;is extnicted. 'I'he 
radioiodide detec'ted hy this fechni(|ue was presum.ahly hound as thyro- 
glohulin. 

'I’iu* animals given :i didly iodine supplement showed tlu* j)r('sence of 
radioiodine in tlu' follicidar ('pit helium .at one hour after injection, d'his 
was indicated hy the ciiaadar iiattiaii of the j)hol<\graphic re.avlions which 
corresponded to the arr.angement of the <'ells (Idg. I). Fxamifiation of 
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lightly oxjjosctl sections under the high power of the microscojie revealed 
that the radioactivity was located either at the apex of the cells or in the 
peripheral portions of the colloid (h’ig. 2). It may he recalled here that 
histologists have long noted that the apex of the thyroid cell is often the 
site of appearance of small colloid giobides staining like the colloid itself. 
Whereas in most of the follicles the radioactivity was located in or near 
the apex of the cell, it was po.ssible to find .some follicles showing a reaction 
throughout the colloid, especially in the cent ral areas of the th 3 Toid (Fig. 

In contrast, twentj^-four hours after injection of radioiodine, similar 
animals revealed a uniform distribution of the radioiodine throughout the 
colloid of their follicles (Fig. 3). Under the high power of the microscope 
it could be confirmed that the black granules of the photographic reaction 
were most abundant in the colloid (Fig. 4). 

Comparison of the results obtained at one and at twent 3 ’--four hours 
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INI KOUtrCTIOX 

T ill'] cniiplinp of ioilino with n i)rotpin is ;ui ossonfial part of the ac- 
livity of the thyroid pland. How this rcartion leads to the formation 
of the hormone is nevertheless obsenre, for the natnre of the hormone is 
still unknown. 

In this paper the autographic teehnirpie was nsed to visualize the for- 
mation of an iodinated protein in the apex of the thyroid cell and it.s pa.s- 
sage into the colloid. By means of isotope flilntion it wa.s shown that thi.s 
protein rolca.<es within the thyroid the amino acid thyroxine, which then 
enters the blood. These re.sults point to thyroxine a.s being the form in 
which the hormone is released by the gland and circulates in the body. 

Method: The various phase.s of this work were carried out with rats re- 
ceiving Remington's low-iodine diet, which supplies about 2 micrograras 
of iodine daily per 100 Gm. rat. Additional animals received a .supplement 
of 20 micrograms of iodine jicr day, either by injection or in the drinking 
water. After a minimum of six weeks on the diet, the animals were in- 
jected with carrier-free radioiodine. Two tj'pes of investigations were 
carried out: 1) a histologic localization of the radioiodine entering the 
thyroid, and 2) an attempt to identif}' some iodinated compounds in th}'- 
roid and blood bj' means of isotope dilution. 


VISU.\LIZ.\TIOX OF THE IODINE ENTRY INTO THE THITIOID 

The animals on the low iodine diet showed active thyroids, since histo- 
logic examination of the follicles revealed high columnar cells and nar- 
row lumina, and the radioiodine uptake was about half the injected dose 
twenty-four hours after injection. The animals given a daily iodine sup- 
plement had a less active gland with lower epithelium and Mder folhcular 
lumina, and a decreased radioiodine uptake (Table 1). 

The histologic location of the radioiodine was examined in the thyroid 
sections of these various groups of animals with the help of the auto- 

Reteivecl for publication June 3, 1948. 

* Read before the Annual Meeting of the American Association for the Stud 3 ' of 
Goiter, Toronto, Canada. ^lay 6, 1948. 

This article ■will be included in the bound volume of the “Transactions of the Ameri- 
can Goiter Association,” published bj' Charles C Thomas, Publisher, which will be avail- 
able for sale earlj' in 1949. 
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;if(('r inji'clion in (he. luiininls roccivin^ I he high ioriino (li('l niridf' it pns- 
fo fnlifnv N(n[) hy slcp }li(> fnlc of lh(* iodinn tnkon up hy (ho Ihyroirl 
pliiJid. rii(’ I rnnsforni.'it ion of IIk* iodide enleiin^ llie tliyioid inU) .'in or- 
Pijmic compound ))resuinid)ly tliyropd(jlMdin \v;is vismdized in the n})(‘\' 
of tlu’ cell, l'’roin Ihis loc.'ifmn the orynnic iodine h;id inviided the whole 
colloid tw('nty-four hours l.'d('r (Im^. *1). It imist h(> kept in mind th:d the 
r:idioiodid(' w;\s c:iniei-frce :unl therefore indi<’;ded the heluivior of flie 
sm.'dl .'imoujits of iodine ;ilw;iys present in th(’ hhioil. 'I herefon'. these re- 
sidts i'e\'e;ded iodijK* t r.'insformiit ions which .'ire trikin^ pl;ice in the thyroirl 


i^l.'ind und('r physioloyic.-d conditions. 

1 n t he Muimnls on :i low-iodiiu’ tipt eke. t he r.'idioect i ve iodine wes present 
it) tin* coiloifi Jil OIK’ end (wmity-four hours efter injection, witfi no ri’.ec- 
tion ln'iny epperimt in the c(‘lls. 'riiereforc. the redioiodiiu* must heve 
criissed the ci'lluler herrier end hecome treiisformed into I hyroi'lohulin 
within e \'ery short time. 

.\ reeciion w;is jireseni in ell thyroid follicles of ell enimels. d’heri'fore, 
all follich’s must he simulteneously ;iciive in huihiine: up oruenic ioriine 
from the circuletinjjj iodide end di’positini; it in the colloid. Sonu* follicles 
in the rat thyroid (the centr.'d ones) work at a faster rate then others (the 
perij)heral ones). Presumehly. <'ach foili<-h' has its own rate of formation 
and excretion of organic compounds, f.c.. its own “steady steti'”; hut all 
of them are f'ontinuously contrihutinir or/,oinic iofliru’ to their colloid. 


in:nK.\si: or lomy.i'.n (’o.MPOf.vns rno.M 'rin: •rnvuoii) 

^^’hile numerous theories liave attempted to ('xplain the relea.se of io- 
dized com])ounds from the thyroid gland, De Hoherlis’ hypothesis (2) has 
.so far supjiliod the most satisfactory explanation, d'his author demon- 
slraied the ])resence of a proteolytic enzyme .system in the colloid of thy- 
roid follicles. ''J''liis enzyme was pre.sumed to transform thyroglohulin into 
.smaller molecules reaching the hlood stream hy dilTusion through the tliy- 
j’oid cells. Tlie recent finding of free thyroxine in the hlood (3, 4) suggested 
the po.s.sihility tliat the prol.eoly.sis of tliAToglohulin in the th 3 Toid yielded 
thyroxine. 

It i.s widely" licld that tliyi'oxine is not present as such in the thyroid 
gland (5). Howc\'cr, it was possible that amounts of free thyroxine and 
free diiodotju-osine too small for chemical itlentificalion could be re- 
covered hy the method of isotope dilution. This method consists of iden- 
tifying minute amounts of a radioactive substance with the help of large 
amounts of the same substance in an inactive form. Thus, a large amount 
of inactive thyroxine was added to the tliju-oid gland of a radioiodiiic 
treated animal and purified by successive reciystallizations. This inactive 
thyroxine should mix with the free radiotliju-oxine if present, and carry it 
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Plate 1. These photomicrographs represent autographs of the tlij-roids of animals 
on a high-iodine diet (22 micrograms dailj') given radioactive iodine. The sections have 
been coated vith photographic emulsion which on development showed the accumulation 
of black granules over the site of the radioactive iodine. 

Fig. 1. (about X 75) shows the thjToid under medium power at 1 hour after P’* 
administration. Note that the radioactive iodine is present in the form of rings correspond- 
ing to the outlines of the follicles. Under higher magnification (Fig. 2., X 600) the iodine 
can be shown in the apical portions of the cells and the periphery of the colloid. Figs. 3 
(about X 75) and 4 ( X 450) are corresponding autographs of the thjToid removed 24 
hours after administration. Note that now iodine is located uniformly tlrroughout 
the colloid and in higher concentration (areas are blacker) than in the cells. 
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A fotonlo rn1 oit ;i liiijl 0.2 loicroijr.'iiii of iriditic per tcrnrii U'!k-< iti- 

.miltruf.'iTicoiifily wiUi Ji r.'irrlt’r-frrc tlovc of r/ulionrf i\-c iodiflf. Aftfr 2) hours (lie 


animal w.as killed .'ind flu’ ihiToid niiil pk'om.a 

were tre.'ited j 

as deserihed 

in the text. 
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I’er rent 
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wliicli !)(' Hohcrti.^ h;is idcntiCuMl a proBuilytic ('O/ytiu' sy.st('rn, 'riic pro.s- 
onro of tliyroxinc in th(> blood iiidir:it<>.s I hat this sobstaocc is capaljla of 
diffusinp: from tiio follicle into the extracellular fluids and the eiretdation. 

A UKjre detailed eomparison of tlu* values for free; thyroxine in thyroid 
(issue and in plasma ('I'abled) indicated (hat (In' ratio of the eoneenlration 
in the tliyroid to (l)al in the i)lasma was similar in •} out of 5 experiments. 
This ratio indicated tluit tin* free thyroxim? w.as on the avera/je, 23 times 
more concentrated in thyroid ti.<suc than in j)lasma. 'I'hus, there (‘xists a 


'I’AUi.r. .3. Amoc.nt.s or I.Aiua.ia) Fitia: Tjiyiio.xi.vr. i.v ’I’lcyitoM) A.\a> Pi.asma .vr 
17 Jlorits Arna! I.vjemo.v or KAi)if»i(jr)U>[; 


Experiint'nt 


For ('(uit of injected nidionetivity 
I)rescnt as free thyrn.xine 


Ratio of coivcentration* 
of free tliyro.xine in 
tiivroi<i over conceti- 



III tliyroid 

i 

In total plasma 

tration of free 
j th^Toxine in plasma 

1 

n.os 

O.o-I 

23 

2 

0.20 

3 . 44 

7 

3 

0.3S 

1.42 

29 

4 

0.1,3 

0.47 i 

27 

5 

o.os 

0.34 

28 

Average 

0.17 

1.24 

23 


* Ttie concentrations were calculated as the per cent of injected radioactivity present 
as free thyroxine per milligram of th 3 woid tissue or per milligram of plasma. 
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when precipitating or crystallizing. The absence of radioactivity in the 
preeijntate would indicate that no free thyroxine is present in the gland. 
Conversely, if the prec.ijiitate were to carry a constant concentration of 
radioactivity, the presence of free radiothyroxine in the gland would be 
indicated. The constancy of the concentration is .shown by the constancy 
of the radioactive ctnint jicr inicrogram of substance (or specific activity) 
on repeated recrystallizations. 

Adult rats on a low-iodine diet were sacrificed at 17 ±2 hours after ad- 
ministration of a tracer do.se of radioiodinc. Their thyroid glands were 
quickly ground in the cold with 2 cc. of cold saline and .shaken three time.s 
with a double volume of butyl alcohol. 'I'hc butyl extract was then washed 
with 3 portions of 4 normal NaOH containing 5 per cent XasCOj. Fifty 





Fig. 5. Isotopic dilution of tlijToxinc. 


milligrams of thyroxine was added to the butyl extract. ThjToxine was 
purified through precipitation from hot tenth-normal K2CO3 by cooling and 
from alcoholic and alkaline solutions by acetic acid (Fig. 5). This sequence 
was repeated three times. A fairly constant specific activity was obtained 
after the first precipitation series. Similar I’esults were obtained with blood 
plasma, in which no initial drop in specific activity occurred (Table 2, Fig. 
6). It was concluded that free radioactive thjuoxine was present in th3Toid 
tissue and plasma. The alternate possibility was that a compound very 
closety related to thjToxine maj’’ have behaved in a similar manner in the 
course of the isotope dilution. 

These results are best explained bj’^ assuming that thjToglobulin is hj^- 
drotyzed vdth the hberation of free thjuoxine in thjToid tissue. This hj*- 
drolj'sis presumably takes place in the colloid of the thjToid folhcle, in 
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It inny bo notof! lu'ro Ihnl isotopo dilnlions, o.'trriod oul with diiodo- 
lyrosino iiisK'iid of lliyroxino sti^f^oslod (ho i»iosonoo of free diifxlolyrosiiK; 
in thyroid lissiu' ;ind lilood pl;tsm:i. llowovor, tho po.<^ibi!i(y of oxoh.'iiigo 
t.'dvinu; })I;i<*(' in tho o.'isc of this stdist.'itjoo h;is not l)oon ('liminntod, 'I’lioi'o- 
foro, n (innl dooision onnnot ix' inndo in ro^jird to tlu' pn'sonoo of fn'o di- 
iodotyrosino in tho jihuHi. 

It \v:is possildo tlnd tlio rolntivoly Inrj^o nmoiints of r.'idioaotivity iisod 
in tl»os(' oxporiinonis (on tin' .’i\'or;)^<', SI) toioroonrios) tnit,dit hnvo prodtiood 
sinno hroakdown of thyroxiin' from tliyroulobnlin. 'I'his possibility was 
oliininalod by donnnjstralin^ tho prosonoo of tho froo compound in thyroid 
tisstio and bhxxl of animals treated with doses of 1).') microcnrii'. 

While all those investigations wen* eairied out in animals roe<'ivifig a 
low-iodine dic't. it was possibh' that froo ihyroxini' was not [)rosont under 
more normal conditions, that is to say, with a higher iodine level in tho 
diet. 'I'his possibility was investigated by rep(‘;iting tin* isotoj)e dilution in 
a ])urin;i-fod rat. ruder these conditions the pros(>nce of free thyroxine iti 
the thyroid and bhxxl was ;dso dt'inonsl r.'Ued. 

In summary then, the following poirits a[)pe.'ir. ,\n iodinated eomi)Ottnd 
mav be <'xtracted bv n-biitatnd from unhvdrolvi'.ed thvroid tissue and 

* • • fc » 

))lasma. Oit isotope? dilution with thyroxine, this substance was found to 
behave like' thyroxine through nine .sue<*es.''ive recryst.'ilIiz;dions {ix. from 
alktiline .*unl alcoholic solution by means of a<‘id, .'ind from hot potassium 
cjirbonatt? solution, by cooling). While this behavior might be duo to a 
eomjK)und closely related to thyroxine, it s(>ems more likely th:it this 
butanol-soluble material is /-thyroxine itself. Since it was fouiul that the 
concentration of this comj)ound in the thyroid w.'is considerably greater 
than that in the plasma, it would seem llutt there is !i passage of thyroxine 
from the gland into the blood. I'’urther, since the greater part of the plasma 
radioactivity was found in the butanol extract, it. seems likely that this 
substance represents the hormone of the thyroid gland and in fact that the 
hormone is /-thyroxine 

The possibility that thryo.xinc circulating in the plasma is bound to a 
protein cannot be excluded, but in view of the gentle extraction methods 
used, this protein-hormone combination must be very loose indeed. 

CONCLUSION 

The secreiorj’^ mechanism of the th 3 '’roid gland includes the following 
steps : 

1, The iodide taken up from the blood the tliju-oid cell is incor- 
porated into organically bound iodine (thjn-oglobulin) in the apex of the 
cell. It is then deposited as such in the colloid of the thyroid follicle. 
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gradiont siifin’icnl (o iiuUu’o a difTusion of llie material from the gland into 
the eirculation. 

Several possible causes of error hatl to he considered. First, there might 
be an exchange of iodine atoms between the radioactive iodide present in 
small amounts in the gland, and the large amounts of inactive thyroxine 
added for the isotope dilution. That this was not the case is shown in Fig. 
(), in which the l^oman numerals indicate the following: I is the .specific 

SPECIFfC ACTIVITY 

OF THYROMNE 


100 


50 


Fig. 0. TIii.« chart is a representation of the findings in the isotope dilution of the free 
thyroxine in tlie thyroid. The radioactivit}’ per inicrogram of substance (i.e. the specific 
activity) is represented for the butanol or alkaline extract (I) and for subsequent re- 
ciystallizations (II, III, IV). The diagrams on the right were the values obtained in the 
thjToids of animals which had been injected with I”'. Tlie figures on the left indicated 
specific activities found in control experiments, in which the thyroids of untreated rats 
were ground with saline containing radioactive iodine. 

actmty found in the original butanol extract. II, III, IV represent the 
specific actmties on successive series of reciystallizations. The right hand 
graph represents the specific acti-\dties obtained in the thyroids of animals 
injected with radioiodine. The graphs on the left side (i.e. the control ex- 
periments) indicate the specific actixdties obtained when thyroids from 
untreated animals are extracted with saline containing radioactive sodium 
iodide. These latter dilutions showed a drop of the specific acti^dty to less 
than 0.1 per cent. Therefore, there is only a very small amount of exchange, 
if any, in our experimental conditions; and the pre^dous results shovdng 
the presence of free thjToxine in thjToid and plasma may not be attributed 
to exchange phenomena. 
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WIDTH OF adhi^:nai. ooirncx in i.ymihiatk; 

IJOIJKKMJA. FYAIIHIOSAHCOAIA AND 
HYPFirrHYHOIDISAl 

I’lllLIl’ AL LkCOAIP’I’I-:, AI.l).* 


Frnw till' Pnlhnhvi}) Ltthurulnrti of l/.t Xt ir Kfiohni/! 

Ilospilill, lioxton, Itx 

T niO ivcrjit work of Douiihcrty inui Wiulc (1). itulicnliii^ tha( fha 
ndn'nni (‘oiicx iins .-ni iinporlatil r(*>,oilalorv cITcct on lymphoid tissue, 
tlie demonst rat ion (2, 2, -1) that et)rlieal hormones may infliienee I lie 
course of (>Np(‘rim('ntal h'ukmnia ami lymphosarcoma, and tin* finriini^ of 
a Iou‘e?‘ed (’.verefion of 1 7-ketosteroids' in lenkmnia f.a), r.aise 

(juestions eoneerninix a possihle I'ole of tin* adren.als in hum.an neojil.astie 
dis(';ise involvin^x lymphoid tissues. 

The w(‘ll-known hyperphasia of thymus .and lymphoid tissue in hyper- 
thyroidism, (unjihasized hy Marine e/ a/. (()), W'.arthin (7) and hried^ood 
(S, D), and the suspicion on other groumis that the adren.als may be im- 
jilie.afed in hyperthyroidism (It). 11, 12) suf:tj(>sf .a {lossible inlerrel.ation of 
tile, thyroid and .adrenals. 

Y'ith these facts in mind, nu'asuriMmmts of the width of the adrenal 
cortex were made in a serii's of autopsies from tin; (iles of the New 
England Deaconess Tfospital. 'Phis was dom* on llu* assumption that the 
width of the adrenal cortex is correlated with its function, as indeed it 
.seems to he in Cushing’s syndrome, some c.ases of \-iri!ism. and in .Addison’.s 
disease with so-c.alled jirimary atrojihy of th(> adrmi.al ('ortex (12), 


.M.\'I K|{I.\n.S .A.M) .MKTIIon.S 

The material consisted of cross sections of adrenal glands taken at 
autop.sy. 'Jdicy liad all been fi.xed in Zenker’s fluid with acetic acid, em- 
bedded in paraffin and stained with eo.sin-methylene blue, also usually 
with Alalloiy’s phosphotungstic acid hcmato.xylin. If. .seemed, therefore, 
that, the degree of .shrinkage due to processing of the tissue should be uni- 
form for the entire series. Aleasurcments were made by means of a microm- 
eter e 3 '-epiece, five different fields being measured on eacli slide and the 
results averaged. Cases in which the gland was distorted b}" postmortem 
changes or metastatic tumor were rejected. It. was not found, possible to 
make a clear distinction between the vaiaous zones of the cortex. No at- 
tempt was made to deduce the lipoid content from the ^mcuolization of 
the cells. 

Received for publication July 10, 194S, 

* Present address: Faulkner Hospital, Boston, Mass. 
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2. Tlio jMcsonro of free lliyroxinc lins l)pon denioiistrafcd in ihyroid 
tissue. Tliis result indientes tluit the thyroRloi)ulin is hydrolyzed to yield 
thyroxine, juesuinably by tlie jiroteolytie enzymes eontained in the eolloid. 

3. The presence of free tliyroxine has been demonstrated in blood 
plasma. The possibility that this .'substance originates from the free thy- 
roxine fraction of the thyixud pland is supported by the j)resencc of a 
gradient in concentration between the thyroid and blond. 

•I. It is ju'oposed that /-thyroxine is in fact the form in which the tliy- 
roid hormone is released by the thyroid and circulates in the body. 
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l)('(\V(M'n IIh* menus is 0.12, less limn (wiee the sl.-tminnl error, wliieh 
is :\ji;nin O.OS, iiuiie.niing no si^i;ni(ie;inl (lilTen'nce, 

A\ hen, lio\v('\'('r, the controls ;ire eompni'et! with the hypert hyroid gronj), 
the (lilTerenee between the me;ms is 0.21. which is •!.2 times the stntulnnl 
('rror of O.Oo. iiitlientinu: in nil prohjihility n hij^hly >i,i!:niliennt (lilTerenee. 

f)lS(M'.sSlON‘ 

If it he m'.'inted thnt the .'idren.nl cortices in tliis rel.nt ively smnll p:ronj) 
of enses of hypert hyroidism were .sit^nificnnf ly nnrrower Ihnn those in the 
control .m'onp, ns they .scenKsl to l)c, the re.nson for the din'erence remnins 
to he soufiht 

It mny he ohjceted thnt thyrotoxicoMs nnd esjiecinlly "tliyroid storm” 
is n sevc'H' strnin on the orunnism nnd might he (expectcfl If) .nlTeet the 
ndren.'d gl.nnds. Indeed, thyrotoxicosis hns heeri cornpnred (Id) to. the 
•‘nhirm in'aetion” of Sidyr* ( lo). However, in the Intlt'r comiitioti, no matter 
wh.nt tlu' .'darming stimnhis. th(' .ndren.nl cort('X is ntiiformly (mlarged. not 
narrow('d (ho). l'urth('rmore. the majority of }>atients in the control gronj) 
in this s('ri('s were ;ilso ex|)os<*(i to considenihle stress, being for the most 
p.nrt .vevendy ill and fre((nenlly subjected to o[)erative trnntn.'i shortly be- 
fore death. It is true, however, th.at in most of the controls the tt'rmination 
of (he illness was not as sudden or eataelysmie as in the h>’}>erthyroid enses 
(12 of the lo were oi)enited on. .and mor<' than half ditnl within two days 
after ojM'vation). 

ddie state of nutrition of tlu? j)n(i(?n( might .also lu' reganhvl as influeiu'ing 
tlic widtli of the .adrenal (cortex. Xiiu' of thc ho hyj)(at hyroid patients were 
d('serihed ns fairly well nourished, two as “extremely emaeiafed” and the 
rest, as ‘Mhin” or '’poorly nourished.” (,-\s a m.atter of fact, one might ex- 
] 5 e(d an enlargement of tlu; adren.al cortex under conditions of malnutrition 
since Helve lias desci'ibed such enlargement in the exjierimental animal 
during fasting). 

It might also be ohjeeded that the control grouj). representing as it does 
a heterogeneous collection of disea.''’es, might be overweighted with con- 
ditions thought by some to be a.s.sociatcd with enlargement of the adrenal 
cortex, as for instance liyperten.sion, cancer or infectious di.sca.se. It was 
found that 10 of the 50 control cases had a definite history of hypertension; 
the mean width of the cortex in these 10 ca.ses was I.IS mm. and whcJi 
the}’’ were eliminated, the mean for the control group was still 1.16 mm. 
Eighteen of the 50 controls had cancer; the mean cortical width in these 
cases was 1.07 mm. and their elimination led to an increase of the mean 

- It is recognized, of course, that tlie adrenals of the control grouj) are not in any sense 
to he regarded as “normal.” 
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Tlic oases consisted of, first a cnutrol fjrntip of oO oases, wliicli were 
routine autopsies taken eonseoutively exoept for an occasional case dis- 
carded for reasons just cited. Half of these control cases were taken from 
the years 1033-1037, when about half of the cases of hyperthyroidism also 
occurred (this to control possible minor variations in histologic technicpie). 
Secondly, a group of M cases of lymphatic IcuJccmia was studied; thirdly 
13 cases of hjviphnsnrcoma and hjmphnhiaslomn' •, and finally, 15 cases of 
hypcrlhi/roidism. 'I'he latter were mostly postoperative deaths, more than 
half occurring within two days after either ligation or hemithyroidectomy 
and showing, in most iiistances, the clinical signs of “thyroid storm.'’ all 
had severe Clraves' disease, with metabolic rates averaging plus 50 percent 
before operation. (In about half the ca-'-es the basal metabolic rate had been 
recorded within five days of operation: in other cases the high rate had 
been obtained two or three weeks before operation). 

The results are .‘summarized in the following table: 


T.mii.k 1 


Groui) 

No. of 

cases 

Mean width 
of cortex 
in mm. 

Standard 

denation 

Control 

.50 

1 .1(5 

0.27 

Lymphatic leukemia 

14 

1 .22 

0.25 

Lympho.sarcoma 

13 

1 .2S 

0.23 

HypcrtluToidism 

15 

0.9.5 

0.13 


It is apparent from the table that no striking difference occurred among 
the first three groups, either in the means or in the degree of scatter around 
the mean, as indicated by the standard deviation. In the last group, how- 
ever, the mean appears to be distinctly lower than the others, and the 
standard deviation indicates that the values are closelj’^ grouped about the 
mean (9 of the 15 laj" between O.S and 1.0 mm., whereas onl}"^ 9 of the 50 
control cases fell in this range; also, only 1 of the hjsperthjToid cases had 
an adrenal cortex larger than 1.16 mm., the mean for the control group). 

Ir^Tien the control group is compared with the lymphatic leukemia 
group, the difference between the means is 0.06 and the standard error of 
the difference is 0.08, indicating no significant difference. 

^^Tien the control is compared with the lymphosarcoma group, the dif- 

' The cases in tliis group represent malignant neoplastic disease of Ij'mphoid tissue, 
exclusive of Hodgkin’s disease and lymphatic leukemia. 
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.1. Hi. n, MAN. I' . ]?., :in(l Ki'.NhAM., I'.. {^: 1 ln> inniMMicc nf I l-flpliydrf»-l7-liy(lrn.\y- 
(’(•rlicostoroiK; (cfUiiiinuiKl i',) on Hie lurou'th of a m.'iliiMiant (iiiiKir in (lie inoiisp, 
/wif/orrMni/of;;/ 3*1 : -1 1 0 120. I!M I, 

■I. I<AM‘, f.. W !uni Si'i:fi£s, ]{.: Kcspon^c nf .‘-pfnitancnu^ lympiiniti Iciiki'ini.ns in niici' 
tn injection of udrcnnl enrtienl extract^:, I'rif, Sor. Exprr. Eiol. ,(■ .1/rd. 06: 220-2.30 
1017. 

Iii;viN. 1..: I lie nriniiry !7-k»’to>leroid levels nf Iniinan leiikeinic siiOject', Cltn. 
EnrlorriiKil. S; 1.^7 ItlO (June) iOlS. 

0. Makint.. n.; Man'M'.v, (V I.,.nntl IIaI'Mann, 1'!. .1.; 'I’iie infliienee of f liyrnideetnniy, 
Jininideetoiny, .snpr:iren:ile<’tniny and .sphnieefoniy on tfie tlivnuis ^land nf r.'ilyhits, 
./. AV/ar. .1/rd. *10: -521' l i t. 1!>2I. 

7. 11 AUTiil.v. A. : file ('nnsfitutinn.'d entity nf e.\‘npli(fi;drnie I'niter and s'f>-e.'dled 
to.vie adenoma. .-Inn. lul. .1/rd. 2: r>.')3 .'»70. 102‘i. 

.'s'. 1' luniiiniiin, H. ll.; '1 tie en'ect of l.itirolV .•'olntion on ehrnnic lympli.'ific icnkcnii.'i 
and its licarim: upon tlie patlmyene^i-. nf e.vnplithalniic igniter, .l/n. ./. .1/. .SV/. 183: 

.320, 10.32. 

0. 1' nininnmn, ll. H.: I lie relation of the synipatlietie nervous sy.-ittan and uener.-ilized 
l\‘niphnid liyp(‘rpl.'i''ia fn the pathn';ene..iN of exnpht halniir- ^niler .and elirnnie 
lymphatic leukemia. ,!ni. ./. .1/. .nVi'. 183: .s tl n p.», !<>:{2. 
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ISO: 707 -772. lO.'iO. 
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for the romaininp 82 caso? to 1.21 mni. In M of tlic .aO conirols a hactoiial 
infection appeared to be tbe jnineipal eausc of dcatb; in these 14 the mean 
cortical widtli was 1.28 mm., and when they were eliminated the mean for 
the remaininp 80 was 1.14 mm. It appears iirobable, therefore, that the 
control pron]^ is not overweighted with any particnlar disease tending to 
produce enlargenicnt of the adrenal corte.v. 

The literature on the size of the. adrenals in hyperthyroidism, as sum- 
marized by ^Vegelin (10) and by Holst (17), is conflicting, but a reduction 
in size is described by some authors. 

If .'^uch a reduction in size (or faihirc to enlarge) docs occur, and if it in- 
dicates hypofunction, one may speculate as to whether or not it may be 
related to the hyperplasia of thymus and lymphoid tissue, mentioned 
above. Experimental evidence on this point has been difiicult to secure, 
the results suggesting that the tln'roid may pla}’ a role subordinate to the 
adrenals in rcsjicct to lymjdioid tissue, and that there may be a reciprocal 
relationship between the two, .such that h^^)crplasia of lymphoid tissue 
might be associated with cither hypoplasia of the adrenal cortex or hiTjcr- 
plasia of the thyroid, or both (IS, 19, 20). A reciprocal relation between 
thjToid and adrenals is suggested by the work of the Hoffmanns (12), 
Other investigators, however, have reported decrease in size of the adrenal 
cortex following thyroidectomy or treatment with thiouracil, and increase 
in size after feeding thyroid c.xtract (21, 22). 

If adrenal hj'poplasia is characteristic of “thyroid storm,” one may also 
wonder whether this In^poplasia indicates a failure of adaptation of the 
organism in the sense of Selye (15). Clinical evidence concerning adrenal 
InTiohinction in thyrotoxicosis is apparently inconclusive (11, 23). 

SUJIMARY 

The width of the adrenal cortex was measured in autopsy sections in 
cases grouped as follows; controls (a series of miscellaneous causes of 
death), lymphatic leukemia, lymphosarcoma, and h 3 'perth 3 "roidism. No 
significant differences were found among the first three groups. In the 
cases of hj-perthjToidism, however, the adrenal cortices appeared to be 
significantly^ narrower than those of the control group. Possible reasons for 
this difference are discussed. 
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linir, .•'•('oinitigly norm.'il libido bu( polcolin mnriod bv ionbilily (o ('j.'iru- 
lMi(\ and psycldc Ir.-uinia icsullitig I licrofrorn. Obj(>r-(iv<! in.-^poclion 
roiub'rcd valid bis i^rivvanccs. rovcalinp; his \v(>it!:!i( of 17(».' ])Ouiids, hci^^lil 
of (i!)^ inolu's, s}).'tii of 7-1’ irivlios, dislaovc frooi floor to syiiji)hysis pubis 
1^7,1 iiK'hcs. and from symphysis to lop of h(>ad. .'VJ.l inches. 'Phe non- 
er(’(’l il(’ length of the {umis was 2^ inehes and the penile diameter was 
oiu' itieh. 'reslieulni- dinu'nsions were: h'ft, 1 ^ X 1 ineh: right. 2X 1.1 inehes. 
The patieid possessed j»rominent cheek bones f.\siati<’ type faeies), a small 
thin nose, and faw?i-{'olor<*d ski?t wrirdded finely around the month anrl 
.along th{‘ j.aw .angles .and adj,*Ha’nt made are.as. 'J'here wei'e bit rofdiaji- 
t(M'ie and mons venenim fat p.a<ls. .and moflei'.atcdy pendulous bre.asts eon- 
I Mining fat .and ol lua* snlaaitamaMis 1 issue suggest ive of glamhdar (dements. 
^(mtI•,ally, sup('rliei.al veins w<‘n' {Udminenl ov(a‘ the entiia? thorax .and 
both axill.ae. 

'Phe following f.amily .and person.al .antfaaalents might h.a\'(; some sig- 
nifieama': his mother di(ai. .ag(al .77 years from “e.ama'r of the nadum" and 
his mat('rn.al gran<lmot h<*i' "di(al in her .SO’s from e.amaa' of the right 
temple.” 'Pluac was no ()th(a‘ known history of malignancy. 

'i’he f).atient had a "severe ease of mumps” wlnm h(; w.as apfiroxim.atcdy 
Id years of ag(', lie (daimed that masturbation for tlu* first time at M-l.") 
years of age was (dim.a.xaal by ati org.asm and 'biorm.al” ej.aeid.atea Before a 

year (dapsed. ej.aeulation - for some unknown reason became imjjossiblc; 

yet tlie p.alient seenual well in .all oilier resptads. )i.a\dng masculine li.abitus, 
strength and vigor. I'irst sexual inteiaamrse was at the age of JS years — 
‘'O.K.. exeejJt for hude of any (‘jaeuiate.” 'J'he latter condition prevailed at 
the time of the present consultation. ''Phe jiatient engaged in coitus oiu’C 
each six to eight weeks. 

No portion of the ])rostate gland was detected by reet.al palpation on 
August 27, 194(3. Extreme tenderne.ss was evinced when the suppo.sed area 
of the right upper lobe was felt. One or two drojis of clear fluid were ex- 
pre.ssed from the urethral meatus onto a slide. Micnjscopie examination 
di.sclosed only indefinable debris. The patient masturbated unsucec-ssfulh', 
trying to obtain a .semen .specimen. 


TREA'J'.MENT AND RESULT.S 

Sublingual administration of mcthyltcstostcrone in ])ropylenc glycol/20 
per cent alcohol (25 mg. per cc.) was prescribed.' From August 29, 1946 
to the end of January 1947, the patient con.sumed 100 cc. of this product. 

1 The metliyltesto.steronc in propylene glycol was supplied through the courtesy of 
Dr. W. R. Bond of the Schering Corporation. 



^PEinrATOGENKSIS EOI.LOWING THE ADHIXIS- 
TRATIOX OE AXDROGEX AXD GOXADOTROPIX 
IX A CASE OF EUXUCHOIDISH 

COLXCIDKNTAL NHOl’LASM DUlUXr, TllHUAPY 


ROBERT AI. PERLMAN, M.D.* 

T he phenomenon of sjiennatogenesis aehie,vc(l after testosterone and 
gonadotropin therapy in the einmehoid individual whose previously 
untreated ease of relatively severe hypogonadism is reported herewith is 
noteworthy. While reeciving treatment, the jndient suddenly developed a 
malignant tumor. Neoplastic growth — intriguing at all times — merits 
special consideration when it occurs rapidly in the wake of endocrine 
therapy in Immans, even if the element of (;hance must he weighed heavily 
in the theoretical evaluation of possible etiology. 


CASE REroirr 



Fig. 1. 31-year-oId patient -vsith prepuberal hypogonadism — preceding therapy. 

The patient (Fig. 1), a 31-year-old male American of Polish-Bohemian 
extraction, first examined on August 27, 1946, complained chiefly of 
immature and effeminate appearance, Ifigh voice, small dimensions of his 
external genitalia, scant growth of beard, pubic, axillary'- and other bodj' 
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•I! pounds. n<'. received Ids Ims( injeelion of A.P.f., on (his day. On ./.-inuary 
28. lO-iy. )»(' eoinplained of a mass in liis ripdil lower f|u;idr.an( : i( li.ad aj)- 
peared. he insisted, and po'own rapiilly during!: (he last five (o seven rlays. 
lie f('ll dial lh('r(' w.as sdini' relationship between this lanv growth and his 
work duties as a machinist, elaimini; undue pressun' resulted against his 
right lower abdominal wall when the routinely .apiilied he.avy wrenches to 
\'arious jiiiics. Inspection disclosed :i siilxaitaneous tumor mass UK'asuring 
approximately three inches in length ;md elevated one inch .above (he ,ab- 
domimd w.al! surf.acc. located .along (he lateral margin of (he right rectus 
musch*. .about 1’ inches beh*w tin* umbilicus { j''ig. 2). 'i'wo possibh? diag- 
noses were considered: 1) .atypical hernia, and 2) ne(>p|.asm. Surgic.al re- 
mov.al of a h(’mat<una-lihe. enc.apsiil.ated mass w.as performed on I'Vbru.ary 
•i. !'d7 (Fig. 8). 



Fio. 2. Showing right lower ((uudrant mass following surgical proi)aration. 

■\Vlicn first .seen by (ho pathologist, the specimen consisted of a cystic or 
pscudocy.stie structure S.o X8.5 X2.o cm. in size, possessing a capsule com- 
posed of .smooth, glistening .sections alternating with areas of fibrous tags. 
The fibrous wall, raggedly lined, wa.s 1 to 1.5 mm. thick. There were other 
numerous irregular fragments of tissue whieli liad been di.ssected away 
from within the caA’it.y. Some were relatively soft, friable, yellowish, 
glistening and homogenous; others were frankly hemorrhagic. One por- 
tion presented an organizing hematoma. 

Sections were examined microscopicalky b}’- the attending pathologist 
and two consultants (Fig. 4). The re.spective diagnoses were: 
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Ho :ilso nppliod 100 prams of ointment (2 mp. motlu-ltcstostorono jior pram) 
pcrcntancously to tho oxtornal ponitalia, abclomon, oliost and face, ^fhera- 
ppulio conspqnonrrs wore jnopros.sivo almost immediately and dramatic 
in the positive sense. On i^eptemher ‘2S. ItMO, one month after the bepin- 
ninp of treatment, the patient entlmsiastieally rei)orted inarkcd ameliora- 
tion of his initial symptomatolopy. Objectively, he had pained 1 1 \ poiuuls. 
Penile dimensions were moderately inereasofl. Ilis voice sccmefl lower. On 
October2(i. 1010, the patient elatedly recounted that hehad ejaeulalcd.snc- 
cc-ssfully .shortly after his visit on September 2S, 19-10. Clinically, there 
was notable increase in masculine hair prowth and musculature. The 
broa.sts .<eemed ma.<eulinc in contour and consistency. A further weight 
pain of pounds was recorded. On November ii, 19-10, masturbation 
yielded a specimen for .‘■emen analy.-;is performed on hanging drops and 
fixed smears." The diagnosis was aspertnin. Consequently, it wa.s de- 
cided to give the patient a .‘'Crics of gonadotropin injections, hoping there- 
by to stimulate further testicular growth, function and possibly, spermato- 
genesis. 

An initial do.se of chorionic gonadotropin in the form of 1.0 cc. of 
A.P.L. (1,000 I.U. per cc.)'’, injected intragluteally, was followed by an 
injection of 0.75 cc. every second to third day thereafter until the fifteenth 
injection, when subsequent doses were reduced to 0.5 cc. A total of 24 in- 
jections wa.s given, terminating on .January 20, 1947. Perineal “soreness 
and waves of pain” through the perineum, testes and penile shaft followed 
several of the injections by a matter of four to .six hours, persisting in a few 
instances until the next day. .-Vfter the ninth injection, the patient remarked 
about his progre.ssively increasing stamina, general sense of well being and 
rapidity of beard growth. By November 23, 1946, there was another weight 
gain of 5 pounds. The fawn-colored, finely wrinkled facial skin had as- 
sumed normal texture and complexion. Cheek bones were no longer prom- 
inent. Physical contours appeared masculine. Examination on December 
20, 1946, revealed 27? pounds gained since therapj' was started. Non- 
erectile penile length was 4 J inches and the penile diameter was I5 inches. 
The testes measured; left, 2| Xlf inches; right, 25 XI5 inches. There was 
increased axillary and pubic hair, and new hair growth over the sternum, 
lower abdomen, dorsum of hands, arms and, especially, both thighs. 

The peak of the patient’s total weight gain of 31^ pounds was charted 
on Januarj^ 13, 1947. One week later, on Januarj-- 20, 1947, he had lost 

- All semen examinations in this case were performed bj' Dr. Gerson R. Biskind. 

’ The A.P.L. was supplied through the courtesy of Ayerst, AIcKenna & Harrison, 
Ltd., Rouses Point, N. Y. 
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1) (ntnlif/nunt). 'Piu' inosl likely site of origin would 

seem lo he a jiorfioii of isolnled stu'ous iiu'mhniue jdoiiu; llu' sp(!rm:die 
eonl. , . 


2) " l‘‘{hros(in’oiit(i irllh 
fasj'ial lissiK's , . . nature 


prn'Ihrh'tnnnioiis piillmi, piohahly original i up; in 
. . . not entirely eh'ar , , . no normal strm;hire 



Fig. "). Aiiijcaraiic'c of iiaticnt three weeks following surgical excision of tumor. 
A’ote extent ami ra])i(l rate of pubic hair regrowth. 

except . . . bit of distorted muscle and s.c. tissue to suggest the location 
or origin . . . ccllularit.y and undilTercntiated appearance of cells sug- 
gest . . . tumor is highly malignant and will undoubted!}^ recur. . . 

3) ''Moderately malignant endothelioma, inguinal region {diffuse endo- 
thelial sarcoma).” Mentioning possible sites of origin, this consultant in- 
cluded peritoneum, bursae, joints, but felt that the tumor cells definitely 
did not appear to be of testicular, spermatogenic or Lej'-dig cell origin, and 
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Fio. .S. Surgiciilly expose*! (innor mass in situ. 



Fig. 4. Microscopic section from tumor area showing closely packed spindle-shaped cells 
ninth moderatelj' vesicular nuclei; hematoxj'Un-eosin stain; Zenker fixation; XlOO. 
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SITMMAHV 

A R]-y(';ir-()lil ninli' wilh a clinif-al pirtnn* of prcpulKaal liypo^^oiiadistn 
rospon(l(*(l fMvoral)ly. from jlu; viewpoint of maseuline stains, to .'iiifirogen 
and fionadofropin therapy. lOspeei.'illy sif^niheant was (!ie later-proven 
s]iermatofz:enesis in this individual who was nnahle to ('jaeiilale j)rior to 
treatment. During l.her.apy a m.ass dev<’}oped in the lif^ht lower ([ii.'idrant. 
.and was ex'cised surjiieally. .Mier(»s(:oj)irr an.alysis provefl it to Ix' ,a m.alig- 
n.ant tumor. Possihh' ('tiolo.ui*' facdors .are diseiissed hrifdly. 'J'lie f.a<;|ual re- 
(airdine: of this interesting: se(|uenfa* of events hidps demonstr.ate .anew the 
enigma suridundine; the iclationship of (‘ndoiaines to neoplastic growth; 
moreover, it hauls m.at(ai.al hulk to the inereasinuly i)Opul.ar protest 
.aji.ainst h.asty, unsei(aitifie t{aid(au’i<*s to ascaihe ov(a-all, .antispia rn.ato^caiie 
ju'operties to the a!uIroii:(ais. 

Arl:nou’l(il(i»i('n( 

'rhe author luaehy t'Xpre^st's d(a'p ^r.atitudt' for special siavices renden^d 
hy Dr. .'^anford D, laaals (suru<am). Dr. ( ua'son M. Puskind (p.at hologist), 
Dr. ,los(’ph I.evitin .and Dr. Ihden B. Weyraud (roentj:(aioloj!:ists). 

UHrHUr.NCKS 

1. KiNset-i., h. \V,: ,'^|n-rii>:U<iu(ai(''is iit a “pati-hypopituilary” (auiiictioiil, as tlio result 
of (estostcrotic tli«T.'i[iy, J. Clin. Endnirinol. 7; 7st -7.Sf» (Pec.) 1P17. 

2. Wai.sii, 1'. 1..: {’i Yi.i:u. W. K.. aiul MfCn.i, mui. 1). R.: 'flur pliysioIo;,ac maiii- 
t(ai;ui(’C of the male si'X elaiuis. Am. J. I’hiisiol. 107: aOS '>12 (I’o!).) lO.'M. 

.'^iMcso.v, M. R., and Rv.ws, If. .M.: ('onij).’irisi)n of tlic spcriiuitoiaaiic and .andro- 

properties of testosterone propionate witli those of pituitary K'.SIf in liypoi)hy- 
.seetonii/.e<i -lU-day-old in.-de rats, Kii(lnrnnolmii/ 39: 2Nl--2.S.a (Nov.) IDR). 
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that myoblastic or nmsdc origin also seemed extremely unlikely. 

The patient returned jH'riodieally for suhsecpient endocrine follow-up. 
.Vndrogen and gonadotro])in therapy, ordered discontinued when the 
tumor mass was iliscovered, were not recommenced. On February 20, 
1017 (Fig. his weight was 21. \ pounds le.<s than the maximum noted on 
January FI, 1017. On March 7, 1017, he had regained 2-1 pound.s but a 
new subcutaneous mass, X2i. inehes, seemefl fixed beneath the recent 
operative scar. .\ course of roentgen therajiy was prescribed, the patient 
receiving a total dosage of 32.50 r to (he right lower pelvis. On March 20, 
1047, hvo tnondi-'^ JoUou'iiHj crsaaliou of r/idorr/ao (licrcipt/, and after (he rec- 
ommended ammint of X-raij treatment to (he R.L.Q., the ])aticnt’s pro.state 
gland was definitely ])alpal)le, soft, and aiiiiormally tender in all of its 
component parts. .Another semen examination was requested. The following 
rc.'iults were reported; total volume, 4. .5 ce.; consistency, viscid; sperm 
count, 12,500,000 per cc.; motility, 10 per cent ; abnormal forms, 30 per cent. 

DISCUSSION 

t 

A flimsy structure, based principally on data derived from a small 
number of inconclusive animal experiments and inconsistent clinical ex- 
periences with humans, has been erected to support the unwarranted con- 
tention that tc.stosterone affects adversely the seminiferous tubules of the 
testes and the process of spermatogene.sis. Kinsell (1) recenth' dealt a 
severe blow to this structure when he reported spermatogenesis resulting 
in a “pan-hypopituitar}'” eunuchoid man from the administration of 
testosterone following a supposedly proven, noneffectivc course of gonado- 
tropins. Walsh, Cuylcr and AlcCullagh (2) and Simpson and Evans (3) 
were cited b}* lunsell as experimental contributors to the thesis that an- 
drogens can stimulate intact germinal epithelium of the seminiferous 
tubules to the point of active spermatogenesis. 

Attempts to explain the malignancy* occurring in this case should in- 
clude the ensuing considerations. The marked anabolic properties of 
methyltestosterone might have provided a stimulating impetus to a po- 
tentially mahgnant process temporarily dormant only as the result of 
metabolic deficiency. The A.P.L. might have been an additional stimulus, 
especially if the new growth derived from a terrain (perhaps embryonic 
cell rests) originating from the same primitive tissue layers as the gon- 
ads or other important endocrine structures. Too, the element of chronic 
irritation or trauma cannot be ignored. Each of the foregoing entities, 
alone or in combination with any or all of the others, might be of some 
etiologic significance. Lastly, the possibility is manifest that the tumor 
occurred simultaneously with endocrine therapy purely as the residt of chance. 
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<luc(' .'i))pr('{’i;ih)(' r.'i(li;i! ion cnVcIs orj li.ssnc or fo di.sltirh flic iodine nicfnl)- 
olisni of llu' t('s( subject, (bie rnillieiirie of I''* (wliieli is by (Irdinition Hint 
(lUMtdify underpioinK d.TXlO" dlsin(<'.m-;ilions per s(>eond) \veiglis only 
O.OOS niierogr.'iin (11). (;iu:intities of 0.1 to 1. {)()() mieroeuries hnvc! been 
used for singli' physioloj^ie expi'iiim'iits. OfOni .n snndl (lunnlify of .n (o 100 
nuerogr.'iins of sodium or jiol nssiuin iodide is added ns a carrier I o I lu' solu- 
tion eont.'dninp; I'lidioiodin*'. 1 bis is done for se\'er,'d re.'isons, one bi'infi; to 
minimi/,e t Ik* lo.ss of f he isot ope by adsor{>t ion on /^l.'i.ssu ;ire <»r o( her instru- 
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I'ui. 1. Tlie .source .‘uul f.'ite of iodine *■'. 'Die nuclear .structure of each atom is 
rojirosented, X rcfer.s to the numher (»f neutron.^ in e.ach .atom; P refijr.s to the numl)er of 
j)rotons; the sum of tlte two ropresent.s the mass numher for e.ich atom. The diaj'ram i.s 
.sim|)Iified in (hat each atom of (ellurium'^' (li.sintei;rate.s hy isomeric decay, which is not 
.shown. 


incuts. It has not been est.ablished that this iiroeeilure is neee.s.sary, and 
many investigators ha\'e used earrier-fna' radioiofline without diflicult}*. 

Kadioiodine has a heavy hoinologue, asttitine (formerly called Eka- 
iodine or element So,, which has a half-life of 7.o hours, and emits alpha 
particles. Physiologically it behaves somewhat like iodine, but its uses 
have not been thoroughly e.xiilorcd (12), 


FATE OF IIADIOIODIXB IN THE BODY 

Gaslro-inlesluH.ll trad, — By u.sc of tlio Geiger counter Hertz, Poberts 
and Evans (3) and Hamilton (4) found that, ingested radioiodine is rapidly 
absorbed in the stomach and can be detected in the human hand within 
three to six minutes. Absorption in the gastro-intestinal tract is 75 per 
cent complete in one hour and apparently complete in three hours. The 
presence of food in the stomach dela 3 ’’s absorption (13). Some of the dose 
absorbed from the stomach is probablj'’ secreted back into the stomach, 
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D uring the past deeado many important advances have been made 
in onr knowledge of thyroid plnviology and disease. Radioiodine ha.s 
been one of the important agents n.'^ed in bringing about these achieve- 
ments. Although only a few instit\itions. all of them in America, have used 
radioiodinc extensively, a large literature has accumulated on the .subject. 
In 103S, within four years after the preparation of the first artificial radio- 
active isotopes by Joliot and Curie (1) and the ])reparation of radioiodine 
by Fermi (2), Hertz, Roberts and Evans (.3) in Boston and Hamilton (4) 
in California had made reports on the use of radioiodine in the study of 
human physiology. In this review we hope to bring together most of the 
important work which has been done in this field. Attention is called to 
the valual^lc review already published by Rawson and AIcArthur (5), 
which covers much of the application of radioiodine to thyroid physiology 
prior to 1947. 


nADIOISOTOPES OF IODINE 

About fourteen radioactive isotopes of iodine have been identified but 
only four have been used in biologic studies. The original investigators (.3, 
4, 6) used I'-5, ^yhich has a half-life of twenty-five minutes and allows 
only the briefest experiments. Bj' 1940, I’’® with a half-life of 12.6 hours, 
P-® with a half-life of thirteen days and with a half-life of eight days 
had been used (7) (Fig. 1). Because it is most available, is now used 
almost universall 5 ^ P®^ disintegrates to xenon, each atom of iodine emitting 
a beta particle and two gamma radiations. The maximal energy^ of the 
beta particles is 0.595 AIEV (milUon electron volt.s) while that of the 
gamma ray^s is 0.360 A’lEY (8). P*^ is prepared at Oak Ridge National 
Laboratories, bj^ bombardment of tellurium with neutrons in the chain- 
reacting pile. As is characteristic of the radioactive isotopes (9, 10), radio- 
iodine acts chemically and ph^^siologically exactR' as does its stable isotope 
except for its radiation effects. With a Geiger counter (Fig. 2) or by 
autoradiography, quantities can be detected which are too small to pro- 
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nniinioiiino disiipponrs from tho blood slowly iti myxcdcm.'dons {);i- 
tionisnnd rnpidly in hyprrf liyroid p.-dicrits (Fi.ij. d). Aftcrscvcnt v-t wo lioiirs 


])r;u'li<':dly :dl of llir iMj:('stcd r.-idioiodific in tlic blood of p;ili('nls wi(h rx- 
(ilihlh.'dmic has bccoim' probdn-bonnd (Idg. -I). Porlmam ('hnikolT 

and Morton (1(1) sn^^osbMl that radioiodinc apparently diffuses passively 
into and out of the intereelhdar fluid spaces since (he maximal levels in 
th(' tissues were rea<‘hed at about tin* sanu' time as the maximal level in 
the blood. 



I'm. .'1. ('<)ini)i>site curves of ra<!ioioilinc iu scruin in vurious thyroidal states. U.adio- 
iodiiie disai)pcars from tlu' l>lood more slowly in inyxcdcmat<ius patients than in normal 
siii>jocts. It disapjicars from the hlood more r.apidly in hyperthyroid patients th.an in 
normal .subjects. 

Body (issues.- -Thv original studies with nidioiodine revetded tluit a 
large i)ar( of an ingested dose of radioiodine is eolleeted i)y the (liyroid. 
This will be discussed at some length in (he section on metabolism of radio- 
iodine by (he thyroid. Other tis.sues participate to a slight extent in the 
collection of radioiodine. About 10 to bo per cent of a dose of radioiodinc 
is not accounted for by tliyroidal collection and urinary excretion (IS). 
Loss of radioiodine by technical error, by exhalation in exjiircd air, lyy 
.secretion in sweat and by excretion in feces may account for a part of this 
fraction of the dose but the greatest part of it. probably is collected by vari- 
ous body tissues. Small amounts of radioiodinc have been demonstrated 
in various organs of animals to which radioiodine had been administered, 
particularly in the ovaries, pituitary, lungs, kidnej^s and liver (19, 20). 
The parathyroids were not found to collect appreciable quantities of radio- 
iodine (21). Rail and co-workers (22) measured the collection of radio- 
iodine by various body tissues in the case of a patient who died fift 3 ^-seven 
hours after receiving 63 millicuries of for treatment of advanced car- 
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since the stomach and salivary plands have been shown to secrete radio- 
iodine in fairly hiph concentration when it is inject etl intravenously (14). 
Only a small part of a tracer of radioiodine ajpioars in the stool, usually 
not more than 8 i)er cent and never more than 1 1 ])er cent. (18, lo, 10). 

Extracellular fluids . — McConahey and co-workers (17) found that con- 
centration of railioiodine in the blood rose to a maximal level within an 



Fig. 2. Aleasurcment of radioiodine in the thj'roid with Geiger counter. The counter 
is hea\'ily shielded in lead. The shield has a window which is covered by a metal filter 
through which gamma rays, but no beta particles, maj- enter the counter tube. Radia- 
tions detected bj' the tube are counted automatically Iw the scaler on the right. The thick 
lead plug is placed over the window of the shield so that counts may be made to correct 
for radiation entering the tube from sources other than the target. Quantitative estima- 
tions of radioiodine in \ivo are not yet very accurate. 

hour after ingestion of the tracer. The curve of total radioiodine in serum 
plotted against time after oral administration of a dose was shown to have 
three components: 1) an initial rapid increase followed bj' a brief rapid 
fall, which is regarded as reflecting gastro-intestinal absorption and equi- 
libration with body fluids; 2) an exponential fall, which is regarded as re- 
flecting disappearance of radioiodine as iodide from the blood into the thy- 
roid, the urine and other sites of disposal; 3) a phase which represents the 
appearance in the blood of organically bound radioiodine. Thej*^ showed 
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Fig. 5 . Analysis of urinary excretion of radioiodine in a normal subject. A. The 
quantities employed in analyzing the curve:_Qt is the asymptote or plateau which the 
initial excretion curve aiiproaches; the quantitj'’ Qt — Q may be plotted as a stiaight line 
on semilogarithmic paper. B. The form of the renal excretion curve wlien plotted as the 
expression Qf -Q. From the line the value r, or disappearance rate, may be determined. 
(Modified from Keating, Power, Berkson and Haines (24).) 
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(’inonin of the thyroid. 'I'lie following li.'-suc.s- collected nidioiofline: (hjToid 
(22 ]icr cent of dose), thyroid innlignnnt tissue 1.2 per cent, imi.sclc.s .3.3 
per cent, liver 3.t1 i)er cent, brnin 2.0 per cent, lungs O.G per cent and kid- 
neys 0.1 jier cent. 

I'nnnnj excretion . — Ilaiuilton and Foley (23), a.s well as othcr.s (3, 7) 
have pointed out that a large part of an ingested dose of radioiodine is 
excreted in the urine within forty-eight hour.s, after which time onh' 



Time in hours 


Fio. 4. TIic appear.ince of iirotein-bound radioioclinc in the blood of a patient with 
exophthalmic goiter who had received a therapeutic dose of radioiodine, expressed in 
per cent of dose per liter of serum. The radioiodine in the serum gradualh' becomes 
protein-bound, so that at seventy-two hours virtually all the radioiodine in the serum 
is protein-bound and none is inorganic iodide. (From McConahev, Keating and Power 
(17).) 

minute quantitie.s are excreted. Keating, Power, Berkson and Haines (24) 
studied the urinarj" excretion of radioiodine using a tracer dose of 100 
microcuries of with a carrier of 100 micrograms of sodium iodide. 
Urine was collected at frequent intervals for seventj^-two hours after ad- 
ministration of the dose. Knowing that all but 10 or 15 per cent of the 
ingested dose which was not excreted in the urine was collected the 
thyroid (23), thej’’ were able to use the urinarx'- excretion figures as an in- 
dicator of the approximate collection by the thjToid. By plotting cumu- 
lative urinary excretion against time, they obtained an exponential curx'e 
from which were estimated four factors: 1) a renal fraction (that part of 
the dose of radioiodine asjmiptoticallj’- excreted in the urine); 2) a dis- 
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iodides fivr of jirofpiji lijilcngc is rrdlrrjcfl sclcrli^T)}' In* 11k* lliyroid ((>). 
Kc'.’dinp: !mi] ro-workcrs (2-1). on llir IkisIs of r;dcul;dions of the ■‘neeunui- 
Infion Inn'e siiuixested llint tin* norninl nile of iodine uplnko. by (he 

thyroid isnliout 2 to*l p(’r eent per hour of th(^ normal total iodide i)r(>sen{. 
in tin* blood and body fluids. Hamilton (12), Hamilton and Sojfjy (l.'i, 23) 
and ('hilds and eo-\vork('rs (2(i) have shown by tracer studitss of radio- 
iodim* with varyinu sized eaJiiers of sr)dinnj ijalirh* oj- potassium iodide (hat, 
small doses of 100 mierourams or Ie,-s of natural irxline, !*■% are handlefl 
('liieic'ntly by (he thyroid. w))i<*h ef)llects ,'d)/)u( 20 or .'JO per cent of the 
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iiifiested dose within forty-(‘ii:ht hours. Larger doses, .such as several mil- 
ligrams, saturate (he iodine eapfieity of (Ik! thyroid ;ind .-irf! only partly 
as well collected (12, 20) (I'ig. 0). 

''J'hi.s accumulation of ifaline by the thyroid m.‘iy be divided into two 
components, the (rajiping of inorganic iodidf;, .-ind the conversion and stor- 
age of organic.'dly bound iodine. 'JVapj)ing is the i-apid concentration by 
the thyroid of relatively large (piantilies of circulating iodide presumably 
in the follicle cells. If the iodide trapped by the thyroid cannot be utilized 
for hormone .synthesis most of it pa.sses out of the gland within twenty-four 
hours. Simultaneous with trapjiing in the normal thyroid, the (rapped in- 
organic iodide apparently is being converted to organically bound iodide 
and accumulated in the form of diiodotyrosinc and thyroxine in the col- 
loid, This converted iodine accounts for more than 90 per cent of the 
iodine collected by the thyroid forty-eight hours after a tracer dose has 
been ingested and is thus resi)onsiblc for t he greatest ])art of the thyroid’s 
ability to collect iodine. These assumptions are based on the following 
studies Avitli radioiodine. 

Collection of iodine by the thyroid lias been studied mainly by two 
tj^es of experiments: autoradiography and biochemical determinations. 
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appoarancc ralo (tlio proportional rate of <lisapj)oarancc of raflioiodinc from 
(he blood): 3) a roiial oxorclion rale (the j)roporlional rale of ex’cretion 
into tbe urine obtained by takiuf: (lie product of renal fraction and disap- 
pearance rate); -I) a “collection rate” (or more projicrly, extraronal dis- 
posal rate), defined as the jiroiiortional disapj)cavancc into oilier .«ites than 
the kidneys, of which the most imiiortant is the thyroid, obtained by 
taking the din'erence between disaiipcarance rate and excretion rale (Fig. 
.5 and Table 1). In normal persons the kidneys excrete about 60 to 70 per 


Taiu.c 1. Analysis ok Uiiinaky Excui.tion or Radioiodini; is lOt) Pensos-s* 
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No. ! 
of 1 

m‘r< 

lU-nl 

nif'tntxdir 1 

ralr, 1 

p*T mnt I 

Itrnnl 

fraction ] 

p*'r r»*nt 1 

of j 

ni<npi)**ar- | 
1 line*’ rntr, 

1 jvr rrnl 
j i^r hour 

llcn.Tl 
rxrrntion 
rat'*, 
per rrnt 
j»^r hour 

Collection 
rate, pnr cent 
per hour 

Norm-\l vuluntrrra ! 

1 •( 

1 - 1 

±i.o ! 

1 r,r,.-.:i 2 .r. | 

ll.ttl.S 

7.2±1.0 

1 3.!) ±1.4 

nullixTDid p•\^n'nt^ with 
rarcinom.T of tliN’rouJ 

i 'JS 

1 0 

m 

! r.i.r.±i.o 

10.0±0.7 

0.1 ±0.4 

3.0 ±0.0 

Adrnomntou'* poitcr: 

Without liNTv-rlbjToidi'in 


1 4- l.Stl.S 

1 

R'i.iia.s 1 

M.l 

1 7.3±0.5 

5.7 ±1.1 

•Aith hjTv>rihyroKli'‘m 

! 2.*^ 

i 4-2:».St2.0 

41.0 ±3. a 1 

ir,.a±i.o 

1 0.2 ±0.8 1 

10. 1± 4.1 

nxopbthalmic jrnilcr 

1 fit 

1 +30.0tl.G 

1 23.4±.T.!> ! 

1 3n.0±3.3 

.5.5 ±0.4 j 

24.5 ±1.0 

Myxedema 

1 

j -'JT.TiO.S 

j 85. .'>±0.0 

1 C.3±0.4 1 

5.4±0.4 1 

0.03 ±0.11 


• Study of ihp rumul.Ativc urinar>' pxrrotton of n tmorr dov* of nvdioiodinc provided %*alu-Tblp information on the 
kinetic* of iodine mct.'vl>oli«m. I'rom excretion cun*C5 the fmctlon of the tmeer do‘c excreted by the kidnej*?* the 
disappearance rate of radioiodinc from the blood, the rate of renal excretion and the rale of collection by the twucss 
(the th>Toid pnnci pally) can be determined. Thia table ^hows what the*e factors arc for normal subjects and for patients 
with thjToidal diM*a'*o. 

cent of the administered dose within forty-eight hours, at a rate of about 
5 to 9 per cent of the circulating radioiodine per hour. The rate and amount 
of renal excretion are diminished when there is impaired renal function. 
The calculations of disappearance rate have been strikingly uniform 
whether based on renal excretion curves (24), thyroid uptake curves meas- 
ured by a Geiger counter (IS), curves of radioactivity over a peripheral 
part of the bodj" (thigh) (IS) or curves of disappearance from the blood 
measured directly from samples of blood (17) (Table 2). 

JIETABOLISJf OF IODINE BY THE THYROID 

\ anderlaan and Vanderlaan (25) present the metabolism of iodine bj’’ 
the thjToid as a three-phase process. The first phase involves iodine ac- 
cumulation ; the second involves hormone sjmthesis and the third involves 
the secretion of hormone. 

Iodine accumulation . — As soon as radioiodine enters the blood stream, 
the thjToid begins to collect it (3) and the kidneys begin to excrete it, the 
two organs competing for the available iodine according to their capacities 
to handle it (24) . Hamilton (12) pointed out that the thjToid has the capac- 
ity of concentrating iodine to 10,000 times the blood level. Probably only 
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loiil. i( \v;is .^OL!:p:c.^(('(i (IimI fiio t-clis r(inv(>r( iMoi7^;n)ic iorlido inlo 

1)01111(1 io(li(l('~ (liiodol yro.'^iiu’i and Ihyrox'iiH*- wliicli i.s ajorcd in tho 

colloid. 

('haiJias, dc Koln'rlis and ('oncciro (•II), n.^^inn; tnicropunclurc and a.^- 
])ira<ion of (>oIloid din'cliy from (In' follicle.-^ of (lie (liyroid of rafs, found 
radioiodiiu' appcarini; in the colloid within thirty-live minutes and roachinfj; 
a iieak eoncimtration within forty hours after radioiodino had boon in- 
jected into th(‘ animals. Mann and I.eblond (‘ 12 ). by fractionation studies 
on thyroid.s of do^.s- giv(‘n radioiodine, concluded tlud the iodide eominp; 
from the blood strc.-im aecumulates in the thyroid mainly as diiodoty- 
rosinc; in tlu'ir opinion the diiodotyrosinc* traction is the natural precursor 
of thyroxiiK'. l.ein (-JR) scpiimtial th(‘ r.adioiodiiK' collc(Jcd by thryoid 
glands oi r.abbits into ac(‘t one-solubh' .and acetone-insoluble fractions. 
Ac('t one-insoluble r.adioiodine w.as found in sm.all fiuantitics as early as five 
minutes .after the injeaUion .and increased r.apidly. J.ian ex()ressed the 
ojiinion that as li.xaal (tr.appial) i(»dine is (a)nvert(‘d to protein-linked forms, 
the previously s.aturated ‘dixing mechanism” (trapping nua'hanism) may 
nmew its c.apaciiy to (a)llect circulating ioditu'. 

It rcm.aincd for ^'andcrlaan and Wandcrlaan (-M) and 'r.aurog, CliaikolT 
and Feller (•!”)), working independmitly. to prove that the trapping by tiic 
thyroid of inorganic iodide is a process distinct from coru’crsion to, and 
accumulation of. iodide in organic form. Waiuh'rlaan and Vandcrlaan 
found that the thyroid glands of r.ats in which hormonal .synthesis i.s 
blocked by jiropylthiouracil (see .section on .Antithyroid Drugs) arc still 
capable of concentrating (or trapping) Large quantities of iodine when 
potassium iodide is injected. This iodine is held in the redu{;cd form as in- 
organic iodide, d'hiocy.'inate, which inhibits the collection of iodide by the 
thyroid, was .shown to cause raj)id discharge of the trapped inorganic 
iodide, but did not release organically bound iodide. 

Taurog, ChaikolT and Feller (d. 5 ) pre.s'cnted almost, identical results: 
thyroids of rats made goitrous by feeding propylthiouracil concentrated 
injected iodine despite a complete block in .synthc.sis of organic iodine 
compounds. Radioiodino entered and left the thyroid to form a curve 
which paralleled that of radioiodide in plasma, suggesting an equilibrium 
between the two. Both curves depicted a maximal concentration within 
one half hour and fell rapidlj’- thereafter so that nearly all the tracers had 
left the thyroid after twenty-four hours. The trapped iodine, which was 
taken up by the th3a-oid and discharged from it within twent3^-four hours, 
is thought to be in inorganic form or possibly bound to protein by a labile 
linkage. 

Hormone synthesis . — The th3'’roid is said to contain iodine in on^'' three 
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HainiUon. J^oloy, Koilly, niul ICichorii (27, 2S) inado aulonuliograplis by 
exposing photngrapliie Him In radiations from microscopic sections of 
thyroid lissno of jiafients wlio liad received radioiodine. ]Jy developing the 
film atul superimposing it on lljc .stained .sections they were able to .study 
the localisation of r.adioiodine in thyroifl ti.s.sue. Leblond and co-workcr.s, 
(21)-:M) as well a.s J-^vans (3.o) and Marinelli aiui othens (30-40) have made 
several st\ulie.s with autoradiography. By the u.se of thyroid ti.ssuc from 



Fig. G. Reprated tracers in the same patient show-ing the effect of varying the quan- 
titj- of iodide in the dose a.s carrier. Quantities of 100 micrograms or less behave essenti- 
ally alike, while Larger amounts show progressively less accumulation of iodide b}' the 
thjToid. (From Childs, Keating, Williams and Power (26).) 

rats (31) and from human beings (34) radioiodine was found to aecumulate 
rapidly in, and spread diffusely through, the colloid in a stable form whieh 
was not washed out bj" alcohol or the usual fixation processes. This was 
thought to be organically bound iodide and was found in the colloid as 
early as thirty minutes after administration. Less than 10 per cent of the 
radioiodine taken up by the gland was in the inorganic form, the rest being 
incorporated in diiodotyrosine or thyroxine. No radioiodine was obserx^ed 
in the follicular epithelium. Later Gross and Leblond (30) found radio- 
iodine in the epithelium as well as in some of the follicles of rat thjToids 
one-half hour after administration of the dose. Since after an interv^al of 
twenty-four hours the radioiodine was found almost exclusively in the col- 
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worlcors (51). using nKiioifxliiU' wijli in vitro studios, found ;in exolinngo 
of iodide ions between iorlinc' jind diiodot yrosine ,'it ;i pH of 4 to 5.5, 
Another bit of interesting information is the evidenee of formrition of 
thyroxine :ind diiodotyrosine in completely thyroifleetomized ;inim;ds. In 
r:\ts Severn! montlis nfler thyroi<Ieetomy P'' Irneer studies reverded 
newly formed rndiodii<Miotyrositu‘ am! rndiothyroxiiu'. .\s (nirly ;is ninety- 
six lunirs nfl('r inj('elion oO pcu' cent of tlu* P'* eoninined in the liver and 



Fk;. 7, 'J’hc .secretion of nidioiodine previou.sty collected in the thyroid appears to 
take jdace more raj)idly in jiatients witli hyperthyroidi.sni tlian in cutliyroid persons. 
Tl»csc curves cannot l)c regarded as complctcty demonstrating tliis fact, since tlie radia- 
tion elTocts of radioiodine in tlie therapeutic dose given may have increased the rate of 
iodine secretion bj' the tliyroid. 

small intestine was organically bound, about 20 per cent as diiodotyrosine 
and 8 per cent as thyroxine (52). McConahey and co-workers (17) followed 
t.he plasma levels of inorganic and organic iodide of a myxedematous 
patient who presumably had no functioning thyroid and found a gradual 
conversion of inorganic to organic iodide during a period of several daj^s. 

Secretion of hormone . — Although the collection by the th 3 U’oid of a 
tracer dose of radioiodine without carrier is completed within a day or two, 
the radioiodine is liberated into the blood stream apparently as hormone 
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(iifiVronI olu'iniral forms (-I'i, -K)): I) i\ small proi)or(ion of Irappccl inor- 
panio iodide, less than 10 jier eeiit ; 2) thyroxine, representing about 25 per 
rent, and d) the remainder as diiodotyrosinc. It is assumed that, thyroxine 
and diiodotyrosine share in the formation of the protein molecule of thy- 
roglolndin. and that diiodotyrosinc is a precursor of thyroxine. The results 
of radioiodine studies are eompatihlc with these views. As studies on ac- 
cumulation of radioiodine, by the thyroid have shown, inorganic radio- 
iodine undergoes conversion to diiodotyrosinc and thyroxine rapidly; this 
begins almost as soon as the. thyroid collects iodine from the circulating 
blood (3-1. -12, -13). Perlman, Morton and Chaikoff (47) studied the rate 
at which the thyroid glands of rats and sheep given radioiodine produce 
diiodotyrosinc and thyroxine. Of the injected radioiodine, 1.5 to 3.0 per 
cent was present, as radiothyroxine in the rat thyroid within two hours 
after administration. Formation of thyroxine in the .sheep occurred at a 
slower rate, 'i'hc amount of newlj’ formed thyroxine increased with time 
up to 10 per cent of the total dose of radioiodine in forty-eight hours. 
Even a larger amount of radiodiiodotyrosine was formed. De.spite con- 
siderable fluctuation in the actual amount of radioiodine deposited as 
thyroxine and diiodotyrosine in the gland, the proportion of the total 
labeled iodine represented by each of these fractions remained fairly con- 
stant at each interval. Mann and Leblond (42) gave carrier-free doses of 
radioiodinc to dogs and found the diiodotyrosine fraction of radioiodine 
in the thyroid to be relatively high (8 to 11 per cent) at one-half hour, 10 
to 15 per cent at eight hours and 4.3 per cent at fortj'-eight hours. The thj’’- 
roxine fraction was 0.3 to 0.4 per cent at one-half hour, 1.0 per cent at eight 
hours and 2.4 per cent at forty-eight hours. Considering relative specific 
actmty there was a gradual increase to a relatively higher level of thjTox- 
ine. AMien dogs were given excessive doses of iodine comparable to those 
used as therapj'' in medical practice, the iodine was thought to be incor- 
porated in the glands, probably as stored iodide. The proportion of iodine 
transformed to diiodotyrosine was much smaller for the larger dose than 
in the case of the smaller dose. Taurog and Chaikoff (48) constructed 
specific acti^^ty-time curves for the iodine of the thyroxine and diiodo- 
t^Tosine fractions of the thjnoid glands of rats that had received a dose 
of radioiodine. The curves satisfied Zilversmit’s criteria for a precursor- 
product relationship (49), thus pro\'iding further e\ddence that diiodo- 
tyrosine is the precursor of thyroxine. Studies on thjToid slices have shown 
that the conversion of iodide to diiodotjTosine and th3Toxine is a function 
of cellular organization as it does not take place in homogenates (50). 

The possibility of ionic exchange of inorganic and organic iodine to con- 
fuse these results is not likely but has not been disproved. Miller and co- 
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Ihyrolropic hormoiu' lu'^ins. ApiKinMitly, r;ii)i(lly prolifcnilinp: thyroid (is- 
siio liMs M <liniiMishr(l CMpMcily to collcr’l iodine froni llie blood, 1'“ upfeke 
iiiereiises jis lonj^ ;is e(dl height inere.'ises (hypert ropliy), but there is no 
inere:is(' of I''” iiptnhe with flirt hiM* enhirp'tiu'nt of tin? gl.-ind {hy()eri)l;isi.'i). 
Inerense of eolleelion oeeiirs only ;ifl(*r liypert rop})y lies token l>! .'tee, Thy- 
rotrojiie hormone prodiiei's prompt :ind eerly :ier-eler;il ion of loss of previ- 
ously stored I'-'' from the thyroid, 'I'lii-v nniy be e me.-istire ftf aceelereted 
.^een'tion of thyroid hormone from the ^liind induced by thyrotropic hor- 
moiu' stimuhition (.")U), 

('ortell end H.mwsou (tU)) st.'iti'd th;it exo;,r,.,i()tis thyroxine depresses both 
the nmount of thyrotrojiie hornu»ne evidhible to the thyroid ;ind tin; eefion 
of the thyrotropic hormone ev.’dl.’ibh' on thr- thyroid. .Morton, Pi'ilnuin end 
ChiukolT (til) dcMuonst r.'ited lh;tl injections of thyrotropic hormone in- 
crease the amount of radioiodine which becomes orf^anieally bound in tlu* 
thyroid and in tiu’ plasma. I.eblond .and Sii(‘ (b) and others (b'i) found that 
hypophyseetomy diminishes the upt.ake of radioiodine by ihi^ thyroid, atul 
Wanderlaan and \‘and('rlaan (2')) sl.ated that thyrotrojiie hormone is neces- 

sarv for the sviithi'sis of thvroid hormone. 

* * • 

Antillniroiil ilnnjs. Kadioiodine has been a ^real .aid in studying: the 
action of thesi' agents on iodine inet.abolisin. Likewise th(‘ antithyroid dru^is 
liave aided in (he study of iodine metabolism, particularly in clarifying the 
trapping of iodine by the thyroid (sei* sei'tion on .Metabolism of Iodine by 
tlie 'riiyroiil). Rabbits were found to have an inereasial thyroid.al uptake of 
radioiodine when fed cabbage or methyl cyanide' (7). .Anaerobiosis and 
.substances that inhibit cytochrome oxidase, including cyanide, axide, sul- 
fide and carbon monoxide, h:iv(' been found to di'jness the formation of 
radioactive diiodotyrosine and thyroxine by thyroid slices bathed with 
radioiodinc. Apparently (his function is linked with aerobic oxidations in 
which the cytochromc-eytochrome oxidase .system is involved (03). The 
xanthine oxida.''e .system may (‘lifer into the jiroeess of iodinating jirotcin 
(64). C’yanide and sulfide also markedly inhibit (he accumulation of radio- 
iodine b}' thyroid .slices while axide and .sulfonamides, although preventing 
conversion to diiodotyrosine and thyroxine, do not prevent the uptake of 
radioiodine (65-67). '’J’he.se finding.s are further evidence that the thjToid 
has a mechanism for concentrating iodine that does not depend on the 
conversion of inorganic iodide to organically bound iodide. 

Several studies of the effect of thiocyanate on iodine metabolism, all 
under different circumstances, have given apparent 1}^ conflicting results. 
It apijears that administration of a single dose of thioc 3 \anate markedly 
depresses the uptake of iodine and its con^'ersion to diiodotyrosine and 
thyroxine the thyroid, while prolonged administration to the point of 
producing compensatory thju-oid hj^pert.rophy (thioej’-anate goiter) some- 
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at a imich slower rate (Fip. 7). Perlman, ChaikofT and Morton (10) found 
that at two hours after intraporitoneal injection of radioiodinc into guinea 
pips there was newly formed radioactive diiodolyrosinc and thyroxine in 
the plasma. After twenty-six hours iiO per cent of the circulating radio- 
iodinc was pre.'^ent as radiothyroxine. The distribution of radioiodine in 
the organic and inorganic fractions in the tis.‘;uc resembled that in the 
plasma (20). Mann, l.eblond and AVarren (-lO) calculated that 1..55 per 
cent of the thyroxine contained in a normal thyroid of a dog i.s formed 
each hour. Taurog, Chaikoff and Fntenman (o3), by injection into dog.s of 
plasma of rats containing naturally bio.-^ynthesized protein-bound radio- 
iodine, estimated a turnover of circulating protein-bound iodine each four 
to seven and a half hours. In their experiments with specific activity-time 
curves, Taurog and Chaikoff (4S) e.^timated the rate of secretion of thyrox- 
ine by the thyroid of rats to be about 2 micrograms per 100 Gm. of body 
weight per twenty-four hours. Further work is needed before these results 
will be correlated. Johnston (54) has emphasized that measurements of 
stable and radioactive iodine in blood and tissue provide a ratio of specific 
radioactivity which is valuable in determining turnover rates of radioiodine 
hy the thyroid. 

Taurog and ChaikofT (55), by using extraction methods on plasma of rats 
given P’*, concluded that 90 per cent of plasma iodine behaves like thj'- 
roxine in solubility properties. This is offered as proof that thyroxine is the 
actual circulating hormone. Leblond and Gro.ss (56) came to the same con- 
clusion by similar experiments. 

FACTORS IXFLUEXCING .METABOLISM OF R.ADIOIODIXE BY THE THYROID 

Thyrotropic hormone . — Hertz and Roberts (57) injected tfixTotropic hor- 
mone into rabbits and found an increa.se in the uptake of radioiodine by 
the th3Toid, as ivell as an increase in follicle cell height, size of the thjToid 
and metabolic rate. These factors all paralleled the amount of thjTotropic 
hormone given except for the collection of radioiodine, M-hich reaches a 
peak bej'ond u’hich it cannot increase. Pretreatment ivith iodine lessened 
the effect of thyrotropic hormone in producing these changes; if administra- 
tion of thjTOtropic hormone w'as continued without iodine, exhaustion of 
the th^Toid eventuallj’- took place and it lost its capacity" to collect iodine. 

Keating and co-M'orkers (58, 59) have found, in chicks, that with in- 
creasing degrees of stimulation b3’’ th3Totropic hormone there is a progres- 
sive increase in collection of radioiodine 63’’ the th3Toid until a plateau is 
reached. Daily injections of th3Totropic hormone cause th3Toid h3Tper- 
trophy (increased follicle cell height) within twent3’'-four hours, but iodine 
uptake is not increased until fort3^-eight hours after administration of 
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of iodide ovcrc.'imc the block imd rc.-:till<>d io upl.'dvc of iodine by Ihe 
glnnd. "We Inive found ^re;d v/irinbility in uplnke of nulioiodine by huninn 
lhioey;in!d(> .u:oiler.<. In some inslnnee.-^ ;i low up(:ik(' when IliC' blood Ihio- 
ey.'uude l(‘V('l wii.-^ iii^h w:is follow('d by n mu inid. or by jin :d)norm:dly high. 
upt:d<(' so(m jifp'r tin* liiiocyn!ud<‘ h.'id di.<.'ippe:ired from the l)lood. 

d'lu' confusion eoneiMuijig iodine upl.oke by thyroids lre;it('fl with Ihio- 
UfiU’il si'cms tti be resolving itself, d'hyroids of patients given thiotiraeil 
in pn'par.'it ion foi' removal of exoplitlialmie goiters wen^ found to collect 
little r.adioiodine (7l)). 'riiis was confirmed by expruiments on .anirjials (7.'h 
77 7'.)) and it appe.anal that thioura<*il prev(>nfed the uptake of iodiiur by 
blocking tlu' formation <if iodinated thyroid hormone (.o). In vitro studies 
with thyroid slices in a bath containing thiouraeil had shown norm.al up- 
t.ake of inorganic iodide by the thyroi«l but a failure of conversion from 
iodide to diiodotyrositu' and thyroxine (t)l). SO), 'riiese relationshifis were 
(•larified when it w.as shown th.at the tnipping of iodine by the thyroid r(’- 
mains intact a!nl is ev<'n enham’cd tmder tin* in(luenc(‘ of thiouraeil while 
th(‘ .synthesis of organic iodide is bloi‘ked by the drug (•!•!. -b'), 71). 

St.'inley :md Astwofxl (SI) .and Willi.ams .atid eo-work('r.s (S2, S.R) h.ave 
been able to titilize uptake <»f radioiodine by httman thyroids as a means of 
fletertnining the potency of .antithyroid compounds in mati. .Another im- 
portant (a)ntribution to th(' knowletige of tre.ating t‘XO{)hth.almi(' goiter has 
been the lindiitg by Uawson and eo-worktus (SI) that iodine, when given 
simultatieously with thiouraeil, has an involuting effect on the hyperplastic 
gland. 'Fhese authors (a)neluded from this observation that the involuting 
l)roiM‘rty of iodine deptmded on the re<lueed, rather than the oxidized form. 

OMcr /arfor.v." -Pretreatment with, or overwhelming the thyroid with, 
iodine causes a diminished uptake of a dose of radioiodine (7, S.5, 80). .An 
iodine-deficient diet, however, inerea.ses thyroidal iodine collection (87), 
Thyroid .slices cxpo.sed to varying concentrations of natural iodine (P-^ 
arc inhibited in their ability to convert iodine to diiodotyro.sinc and thy- 
roxine when the amount of inorganic P-* in the medium .surrounding the 
.slices execcfls 20 micrograms (88). Recently AVolft* and Chaikoff (89-91) 
have extended this study to rats and have demonstrated that the thyroid 
traps iodide but docs not convert it to organic iodide as long as the serum 
concentration of iodine exceeds 3,5 micrograms per 100 cc. This phenome- 
non in normal animals is offered as a po.ssiblc c.xplanation for the beneficial 
effect of iodine in human hyperthyroidism. Administration of large quanti- 
ties of iodine after a dose of radioiodinc has been collected by the thyroid 
may hasten the urinary excretion of radioiodine from the subject (92). 
This is especiall}'" true if the iodine is given within twenty-four hours after 
the dose of radioiodine, while there is a much smaller urinary excretion of 
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limes, Inil not always, results in an increase of (he U])(ake of radioiodinc l)y 
the thyroid (GS). 

Among the acute experiments is (he study of Franklin, ChaikofT and 
Lerner (G9). Thiocyanate depressed (ho uptake of radioiofline and its con- 
version to diiodotyrosine and thyroxine in surviving (issue slices of thy- 
roiil. Hawson and co-worker (o) rejiorted that radioiodinc uptake by thy- 
roids of chicks and rats was deiiresscd from one to six hours after a single 
dose of thiocyanate, but the block in iodine collection is not demonstrable 
after twelve hours. AIcGinty and co-workcr.s (70) found inhiintion to the 
collection of radioiodinc by chick’s thyroid after a 10 mg. rlosc of potassium 
thiocyanate to be practically gone after twenty-four hours. Vandcrlaan 
and Fisscll (71) depleted the rat thyroid of hormonal iodide by administra- 
tion of propylthiouracil and then demonstrated a marked inhibition by 
thiocyanate on uptake of radioiodine. 

Goiter caused by prolonged administration of thiocyanate was first 
studied with radioiodinc by Hawson, Hertz and Means (72). They observed 
increased uptake of radioiodinc bj' a large thiocyanate goiter in a patient 
having hypertension who was still under treatment with potassium thio- 
cyanate. Development of goiter was attributed to block of thyroid hor- 
mone formation by thiocyanate and consequent lowering of circulating 
hormone. This led to stimulation of the pituitarj' to produce an excess of 
thjTotropic hormone, thus causing hyperplasia of the follicular epithelium. 
These writers expressed the belief that an excess of iodine maj’’ force the 
block on hormone formation and cause liberation of thyroid hormone. 
They suggested that thiocyanate goiter might be prevented by prophy- 
lactic doses of iodine or by substitution therapy with thyroid. Rawson, 
Tannheimer and Peacock (73) found increased thyroidal uptake of radio- 
iodine in rats made goitrous by thiocj’anate in drinking water. Later work 
by Rawson and co-workers (74) indicated that the total uptake of radio- 
iodine by rats fed thiocyanate over a long period was about the same as 
that of untreated controls, but somewhat less per milligram of thjToid 
tissue. In the chick, potassium thiocyanate fed over a prolonged period was 
found to be a potent goitrogen, causing considerable increase in total up- 
take of radioiodine and in uptake per gram of tissue. 

On the other hand Wolff and co-workers (75) reported that the iodine- 
concentrating capacity of the thjToid is depressed in rats treated with 
thiocyanate, provided high concentrations of the drug are still present in 
the circulation. AVithin sixteen to twenty-four hours after the last dose 
when thiocj'anate is no longer demonstrable in the blood, the enlarged 
gland has a greater than normal capacity for concentrating radioiodine. 
A'anderlaan and Bissell (71) tested the effect of varjdng doses of iodine on 
thiocyanate block in rats made goitrous noth propylthiouracil. The larger 



{{lU'iil l() control of inyxcflonin. The Imllc of I'.'idioiod’Klc fV('ii(M:illv np- 
poiirod in the nrine with lit tie i?i the fcccf;. More tlniti half of the radin- 
activity from the radioiofloeascdn appeared in (Ik; h-ees and ranaller 
amounts in the urine both prior and suh-iefiniml to ('onfrol of myxedema, 
.yi appreeiahle (luantity of the rafUoaetivity was eoneentrated over the 
liver, .suf^gestin}: an ind'rmedi.ap' sta^e in the metabolism of iodoeasidn. 



Fiff. S, Curtiiiliitivc urinary excrctiun of radioioditie in 1(! ca.'^os of o.xopiitlialmic 
goiter. All but .'t subjects excreted les.s tliau dO {)er cent of the tracer close. The composite 
normal excretion was about (>5 jjor cent of the tracer dose. In cases of hyj)crthyroidism 
urinarj’ excretion of radi(»iodinc is ossonti.ally c'omplete in a much shorter period than 
among normal person.s. (From Keating, Power, Perkson and Haines (2-1).) 

rtADIOIODINE STUDIES IN VAUIOUS THYROIDAL STATES 

Hamilton and Sole}’^ (13), in their earlj'- ,studio.s with radioiodine, applied 
three technics whicli have made the clinical use of radioiodine practical: 
1) determination of urinary excretion of radioiodine, 2) determination of 
radioiodine uptake bj'’ the th3'’roid in patients use of the Geiger counter 
and 3) analj^sis of excised thjToidal or carcinomatous tissue b^" autoradiog- 
raphy or by quantitative measurement of radioactivitjL 

Hyperthyroidism . — Increased iodine-collecting function of the thjToid is 
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radioiodiiic if (he supplcmonlnry iodine is no( given unlil seventy-two 
hours after the dose of radioiodinc (93). Vitamin A defieicncy in rats has 
been reported to cause an abnormally high level of inorganic iodide and a 
low level of thyroxine in the thyroid gland (91). Physiologic processes 
which increase the metabolic rate, including pregnancy (7) and exposure 
to cold (95), cause an increase in thyroidal uptake of radioiodine. Depress- 
ing the metabolic rate In’ expo.'jurc to warmth decreases iodine uptake 
(95). .Administration of thyroid extract decreases uptake of radioiodinc by 
the thyroid (96, 97). 

.\t the present time it cannot be .“^aid with certainty (hat the radiation 
effects of radioiodinc may not modify the results obtained by tracer studies. 
Tracer doses of 100 microcuries of I'"* subject the thyroid to appreciable 
amounts of radiation. Skansc, Alcrrill and Evans (9S) studied the effect of 
0.1, 1 and 5 microcuries of I'-^’ on the thyroid’s growth, iodine content and 
response to thyrotropic hormone in cockerels. Thyroids collecting 0.1 mi- 
crocurie were not altered in growth or iodine concentration. Those collecting 
1 and 5 microcurics exhibited no increase of thyroid weight after stimula- 
tion with thyrotropic hormone and the 5 microcurie dose also prevented 
the loss of thyroidal iodine which thyrotropic hormone causes in normal 
animals. These doses represent radiation varying in quantity from 1,700 
r.e.p. (roentgen equivalent, physical) to S,500 r.e.p. 

nADIOlODrXE .\S A LABEL FOR ORG.\NIC COMPOUNDS 

Frieden, Lipsett and Winzler (99) have reported a method of preparing 
radiothjToxine by exchange reaction. Gross and Leblond (100) adminis- 
tered radiothyroxine by oral and intravenous routes to rats and noted the 
subsequent distribution of radioiodine in various tissues. RadiothjTOxine 
disappeared from the blood rapidly. Within two hours more than 50 per 
cent of the radioiodine accumulated in the gastro-intestinal tract, liver and 
pancreas, mainlj’- as thjToxine, except in the stomach where most of the 
radioiodine fraction appeared as inorganic iodide. Thyroidal collection was 
sUght and lagged, indicating that there was probablj’ conversion to inor- 
ganic form before the radioiodine was collected. .At twenty-fo\ir hours, SO 
per cent of the injected material was found in the feces and 11 per cent in 
the urine. 

Hamilton, .Albert, Power, Haines and Keating (15) treated a mjTcedema- 
tous patient mth iodocasein and completely controlled the mj’xedema. 
The fate and distribution of a tracer dose of radioiodocasein were followed 
in this patient before and after control of mjrxedema and compared with 
the results of tracer doses of inorganic radioiodine. Distribution of inor- 
ganic radioiodine typical of mjTiedema was observed both prior and subse- 
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sudi Die qtifinlily ('ollcclrd hy Ihr Ihyroid, llicy found lo lx; rolidivn 
r;il)ior lli;in qu;in(i(;ilivc .-irul niodificd by ioflidc di.sf)os;d vin uriiu; .'ind 
oduM' tissues. 

N<»rm;d v.'diins for tliyroidnl iodide ele.'i ranee wen; no( j^iven; R ('U(li\Toifl 
])ati('nis willi nodidar Roiter had ei«*aranee.'^ varying from '2 lo IR ee. j)f‘r 
niinu(«'. while o patienl.^ ha\‘ing evophlhalmie goiler had elearafua's vary- 
ing from ‘20 (o 22S ee. pc'r mijitile. 

I’sing urinary e.\<;rel i(»n of r.'idioi<uline al (he end of .veven(v-(wo hours 
as an indi(':dor (»f thyroid uiRalce, Hertz atid Hoherls ( lOI) found th:d in 
2M of 2!) ('.'tses nirjre I him /iO per eertl (»f the do.<e w.as relrdned, (’ha[)man 
and lOv.ans (lOo) reported more than AO pi'r eeni rettuition under similar 
ei 2 'eumsl!ine<*s in 11 of 12 e.'ises. Means (lOO) deseriherl ;i rliagnostifr test 
devised by Skatise in whieh (he urinary exeretion for -IS hours .after ad- 
minisl nation of .a (r.aeer flose of radioiodim* x'.aried between 0 .anrl R2 fier 
rent of tlu* dose in 2“) thyrotoxic p.atients. K'e.ating. Herkson. Power .and 
Haines (2-1) found (he urin.ary excretion for seiauit \'-t wo hours after ond 
administration «if a tr.aeer tlo^c of radioiodirie to be less th.an norm.al in 1-1 


of It) e.as(>s of hy{)erthyroidism (I*'ig. S). .Most hyfX'rthyroid p.ati(‘nts re- 
t.ained from 7.A to O.A per cent of the tracer dose. Only oeeasionally did 
hyperthyroid p.atients n*tain norma! qii.antities of radioiodine (.about (?.a per 
(•(‘ut) and this litiditig may h.ave been the n-sidt of previous treatment with 
iodiiK*. 'I’he r.at(' of upt.ake of radioiodine from the blood by the hyper- 
functioning thyroid may be imaaeisol from tlu' normal figure of 4 per cent 
I)er hour to .'iO j)er cent j)(*r hour. St.anley .am! .\s(wood (107, JOS) have 
used a dirfereni .approach as an .aid in diagnosing hyperthyroidism. First 
the i)atien( is given an or.al do.<e of a goitrogen (mercai)t()imidazolo) whieh, 
in (heir opinion, inhibits the aecaimulation of organically bound iodine in 
the thyroid. One or two hours later a tracer dose of radioiodine is given and 
frequent measurements with a Geiger counter are made over the neck for a 
few hour.s. In tlie thyrotoxic patient a greater u])take of radioiodinc is ob- 
served than in the normal subject. .Mso discharge of radioiodinc from the 
thyroid under these conditions i.s more precipitous in the thyrotoxic than 
in the normal subject after administration of thiocyanate. Astwood and 
Stanley (109) also evolved an “accumulation gradient” of radioiodine by 
plotting the radioactivity over the neck against the square root of time 
after administration of a dose of radioiodine. 

These tests have become valuable in helping to establish the diagnosis 
of h 3 q 3 erthyroidism in doubtful cases. However, it must be kept in mind 
that renal disease, congestive heart failure (110) and thioc 3 ’-anate goiter (6S) 
may cause a low renal excretion of radioiodine. Treatment with thiouracil, 
th 3 Woid, iodine, thioc 3 '^anate sometimes, ingestion of gallbladder d 3 ’’e, and 
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exhibited in liyporthYroidi.sin by low urinary excretion of a tracer dose of 
radioiodine (24, So) and by a high count of radiations over the thyroid 
(IS, 101) (Figs. S and 0). Hamilton and Solcy (12, 23) found a rapid and 
high uptake of orally adinini.'Jtercd radioiodine by the thyroids of th>TO- 
toxic patients, lldien the carrier dose was large (14 mg. of sodium iodide) 
the high concentration of radioiodinc by the thyroid diminished rapidly 
within a few hours, while with a small carrier (0.1 microgram) the radio- 
iodinc concentration remained high for at least several daj's. Hertz and 
co-worker (S.o. 102). using a small carrier dose, observed collections of 
radioiodine by some exophthalmic goiters to be SO per cent or more of the 
dose. 



Fig. 9. Uptake ot racUoiocline by the thyroid measured wth a Geiger counter and 
recorded in counts per second per millicurie dose (CPS). The uptake in exophthalmic 
goiter great!}’ exceeded the uptake in a normal subject. Uptake bj’ an adenomatous 
goiter of a eutlwroid subject was near normal, whereas practically no radioacth-itj* 
was concentrated in the neck of a myxedematous subject. 

Keating and co-workers (103) have compared various ways of measuring 
the iodine-accumulating function of the human thjToid. Pointing out that 
the thjToid collects iodide at a constant rate which is proportional to the 
concentration in plasma, they suggested that the most precise measure of 
this function is probably thyroidal iodide clearance defined as the volume 
of plasma cleared of iodide by the thjToid per unit time. This value is de- 
rived from serial observations of blood in addition to in xdvo observations 
of the thyroid. They found that the most appropriate measure of accumu- 
lating function which could be obtained from th^uoidal obserx'ations alone 
was the iodide-accumulation rate defined as the proportional rate at which 
the thyroid accumulated iodide. Other measures of accumulating function. 
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lissiU’ li.'ul V('ry litllc iiplnkc .mikI appf.'ircd nlr(»plii(’, so llial a hypothdiaal 
balaiu'o rostilbal the normal tissm* (l(‘r’r(‘asinp: its fumition as (he funetion 
in (he nodnle increased, Ihus mainlaininu; a eidhyroid sl.ale, A\’hen liornioiu! 
s('cre(ion !iy a single adenoma ('\*<'eeds (he normid need, hyfierlhyroidism 
sliouhl resuli. Pnppel jind eo-\vorkers (IM lll») repf)r(ed prior ioditu' U{)- 
(.ake ,'ind (’onvt'rsion (o org:ini(' iodifh' in adimomas while (hi' piiiii-.'tdenom- 
idoiis (issue e\'hihi(ed a p:ood upl.ake. 

Dohyns and co-workers (117, IIS) iiave marie ;in(oradiojz:r,'ims of single 
.'Uirl miihiph’ nodnlar goiters .'ind <'omp;tred !*’■' coliecfion, follir-Ie mor- 
pholouy and mean jn'inar cell hi'iuhl (M.A.C.H,) of (he adcnomafoiis and 
ex(!'a-ad(*nonndous tissue. In casi's of adi'iiornatous iniitnr with hyfir'r- 
thvroidism I''* collection ,'ind of the arlenomatons (issue jtirmer- 

aliy excci'ded (hose of the ext r:(-adenoma(ous (issur*. In casi's of exophtlud- 
mic jioitcr with .•ulenomas (he rcv<*rse was trui*. In f^eni'ral Af.A.(’.lI. of 
.•idenomas couhl he correl.'ited with their collection .'inrl in one f^roup of 
cases ;i continuoiis spectrum could hi' formed consisting at the otu' end of 
ad(*nomas with fiat <’ells .'itul little collection .and at (he other of adenom.as 
with t:dl ci'lls .-ind intensi' collection. Such ‘diypi'rfunctioninf:” adenomas 
also occurrerl in patients without r'linical hypi'ilhyroidism. In another 
^rouj) of cases very marked hyjii'fplasia was ar-comiuinii'd hy very little 
collection, 'hhis firoup dilTered from thi' first in h.’ivin)^ :x widi' ilistiihution 
of acinar cell heights c.omparcil to tlu' narrow distrihution of acinar cell 
lieights in (ho hyjierplastic hyperfunctioning adeiuim.-is, Dohyns and co- 
workers ('xpressed tiu' helief that the nonfunctioning group formed a con- 
tinuous spectrum with })apillary adenocarcinoma, the follicles of which 
.showed similar variahility of cell .dze ;md similar l.'ick of function. 

Sj)encer and co-worker (110) studied mul(i})le adenomatous goiters with 
and without hyi)er(hyroidism. d'ho adenomas within a single goiter col- 
lected ^'ariahlc amonnt.s of radioiodinc, .some more, others less, than did 
the nonadenomatous (issue (Fig. 11). .Apparently a patient who has nodular 
goiter will ha\'c h.vperthyroidism if the total hormone produced hy all the 
tissues with dill'erent degrees of function exceeds that required for normal 
metabolism. 

Some dilTuse goiter.s with or witliout hypothyroidism liavc been seen 
with high uptake of radioiodine and high conversion to organic iodide (2S, 
114-116). 

Hypothyroidism . — It is not surprising that, patients who ha\'e mj'xedema, 
having little or no functioning thyroid tissue, excrete about SO per cent or 
more of a tracer dose of radioiodine in the urine within sevent 3 '--two hours 
(13, 23, 24) (Fig. 12). Geiger counts over the neck show little or no con- 
centration of radioiodine in the region (IS, 101) (Fig. 9). Exceptions ma}" 
occur in certain goiters with mj'-xedema (28) or in thiocyanate goiter with 
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possibly other medioiitions may increase the urinary excretion of radio- 
iodine to very hiph levels, this phenomenon persisting for varying periods 
after withdrawal of the medication. 

Goiters . — Kadioiodine uptake is almost invariably increased both in dif- 
fuse toxic goiter and in nodular goiter with hyperthyroidism (111). Hamil- 
ton and co-workers (27) stated that diffuse toxic or exophthalmic goitens 
collect iodine uniformly throughout the gland, but Saylor and Kelsey (112) 
have found a patchy distribution of radioiodine in such glands (Fig. 10). 



Fig. 10. Autoracliogniplis of a diffuse toxic or exophthalmic goiter. Tlie goiter was 
removed nine d.ays after administration of a tracer dose of ,300 microcuries of 1“' and 
after seven daj's of treatment with 30 drops of compound solution of iodine daily. There 
is a patchy distribution of the retained radioiodine throughout the tissue. This irregu- 
larity of retention may explain the variability of response of different thyroid glands to 
approximateh' the same dose of radioiodine. (Courte.sj' of Dr. Howard Saylor.) 

Nodular goiters are even more difficult to understand, but the question as 
to whether nodules or adenomas of the thjToid function has been solved so 
far as uptake of iodine and its conversion to diiodotjTosine and thjToxine 
are concerned. Sajdor and Kelsey (112) found no collection of radioiodine 
in adenomas within diffuse toxic or exophthalmic goiters while the non- 
adenomatous tissue showed good collection. Cope, Rawson and McArthur 
(113) studied patients who had hj'perthyroidism and single adenomas of 
the thjToid. One patient had great uptake of iodine in the adenoma while 
the nonadenomatous tissue was atrophic and collected iodine poorly. In 
euthyroid persons who had single adenomas varjdng degrees of uptake were 
seen in the adenomas. Some collected more than the uninvolved tissue, 
others collected less. A^ffien an adenoma had high uptake, the uninvolved 
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(I'jr)) have (it'valoprd a coiinlcr i)rf)l)C u’liifh can he cold-sterilized 

for use at operation in localizinjx thyroid tissue in an operative field made 
didicult hy scar tissue or hy retrosteriud locatiot) of the jjjfjiler. Werner and 
(Juimhy ( 12(’») nuauitly r<’pnrl<'d the iise of ‘Jot) tracer dosc's of ladioiodine 
in dia}inostic studies of warious thyroidal ahnornialitics. Scidlin and co- 



Fui. 12. ('uiiuilutivo urinary ('xerntion of radioiodino l)y 0 patients with myxedema. 
In .all eases the per cent of tracer excreted in the urine exceeded tliat of the composite 
normal. The excretion curves .also did not level ofl’.as (pdckly .as did those of the normals. 
(From Keating;, I’ower, Berkson and Haines (21).) 

worker.s (127) have pointed out the value of tracer studies with radioiodinc 
in ca.ses in whicli the metabolic rale is high as a result of parkinsonism, 
anxict}'’ .states and heart failure. Skan.se and Tligg.s (97) have found radio- 
iodine tracer studies irscful in difl’crentiating .spontaneous hyperthyroidism 
from that induced ingestion of t.hyroid. 

THERAPEUTIC USES OF RADIOIODINE 

Internal irradiation of thyroid tissue with radioiodinc affords a means 
of delivering a much greater amount of radiation than is possible by roent- 
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Fig. 11 . Autoradiographic .study of a multiple adenomatous goiter removed from a 
patient with hyperthjToidism. a. Photomicrograph of the goiter showing several aden- 
omas. h. Autoradiograph of tlie same section. Note variability in uptake of radioiodine, 
the large central adenoma collecting very little, some smaller peripheral adenomas col- 
lecting much, and the nonadenomatous tissue in the lower part of the section collecting a 
moderate amount, c. Photomicrograph of the adenoma at the left of the section, d. 
Photomicrograph of the large central adenoma. Although there is an extreme difference 
in uptake of radioiodine in the two adenomas, their microscopic appearance is almost 
identical. (Courtesy of Dr. J. R. Spencer.) 

m^Tcedema (72) in which the thjToid i.s hungry for iodine. Radioiodine up- 
take b3" the thjToid is usuallj^ diminished in thjToiditis (120) but for some 
unknown reason this response varies with different patients (111). Elderlj^ 
normal subjects are said to have a diminished rate of uptake of radioiodine 
( 121 ). 

Other diagnostic tests . — Radioiodine has also been used to determine 
whether intact tissue or tumor mass is thjToidal in origin (122), whether a 
complete thjroidectomj'- has been performed (123) and to discover distant 
metastatic growths of thjrroidal carcinoma (124). Haj^den and Corrigan 
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rcninininp slill nppc'.'in'd liypcrpln^tic, imlic/ititij: Hint nidioiodinr dors no! 
nflVrt Ihr orif^iniil stimulus rausitij: liyprrt hyroidism hul acts only lo 
stroy lh(> ovi'i-functionin^ pan'Ocliytna. Avcrap' (irno for remission lo or- 
nir \vasse\-en lo eipdil ncelv-s. 'Idie l)lof)d lipids tended lo rise /dorifi u'ilh fall 
in melaholie rale while the palieni itnproverl elinieally. 'I’lie larger goiters 
did not H'spond as (inieKdy as the smaller ones. 'I'ox-ie reactions seen in h 
eases were mueh liKn* roentgen ray sickness. Xaiis(‘a. vomiting, mal.aise, 
ev('n slight inere.as(‘ of gland size and fever oeetirred and last(>d two days at 
most. No suhsequiMil ill (dlVel.s or leiikopeni.a w<*re noted, and tio maligfiani 
ehang('s were seen in lh(' two hi()psi(‘s, one .as long as two years aft('r the 
lr('atm('nt. 


M('ans (lllti) reported that Chapm.an had increased Ihisseric's of patients 
to a total of (>o receiving l‘'orty-six of these had heeome euthyroid. 11 
h.'ul hee(mie liyfait hvioid .and S' were inipiv)\‘<'d hut still (hyroloxie. No re- 
(MirnMU'cs Were seen. Me.aiis reported ih.at Ch.aimi.an h.ad also treated 00 
])ati('nts with 1'^'. 'I’hirty-six had m.ade s.atisfaetory re.-ponsr*. with S of this 
groiij) receiving a second dose of l'-‘; I'J wer(‘ heller hut still somewhat 
(hyrot('xie six months .aft(’r tre.afment ; the reniainder had not heen followerl 
long enough to ('\xahjate. 

Soh'y and .Miller (IR7) treated patients who had dilTus(‘ toxic goiter 
hy giving monthly doses of 1. 1)1)1) to 2.01)1) mieroeuries of until .a thera- 
])entie resj)ons(> occurred. Bee.anse of its longer half-lif<‘, smalh'r doses may 
ho given (h:in with I'-". 'i'w(*nty patients res[)r)nded well in from one and 
one-half tose\‘en months after the trf'.atment had he('n st.arted, fhea\’erage 
being 3.0 months. .\s a result of Ircaif merU the a\’erag(‘ estimated weight of 
(lie thyroid was reduec'd from 31 to 13 (Im., th(‘ h.asal m(‘taholi(“ rate from 
plu.s 2S jjer cent to minus 10 |)er cent, .and the .serum-j)rot (‘in-hound iodine 
from 10.7 to o.7 mie.rograms ])er 100 ce. of s(Mum. 'riK' average dose of 


radioiodinc in the ea.^es in which tre.atment was successful was 2,720 micro- 


euric.s witli a range from SOO lo 4,.")00 microeuriexs. 'J'he i)atients wliosc 
treatment was unsuccessful liad larger glands, higlicr metabolic rates and 
higher serum-prolcin-bound iodine than did the patients whose treatment 
was successful. Within twcnlj'-four to .seventy-two hours after administra- 
tion of the dose, often there was definite tendcrne.ss of the thyroid gland, 
increa.sed blood sedimentation rate and .scrum-protein-bound iodine. At 
four to ten da3's there was an inerea.se of thjToto.xieity'. Failure of these 
changes to appear often foi'et old a poor rc.sult. Six of twent j^-six patients 
experienced increase of exophthalmos after treatment. 

Haines and co-workers (128) calculated the desired dose of before 
administering it. Capacit}'’ of the diseased tlyyroid to collect radioiodine 
was determined b}'^ a preliminaiy tracer dose. In the realization that most 
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gen rays or radium, (he dosage of which is limiled In* radiation damage to 
tissues other than the thyroid, particularly the skin. Radium or roentgen 
therapy can be given to a total of 0,000 roentgens (124) while as much as 
25,000 cquiv.'dcnt roentgens can be safely administered to the thj'roid in a 
single dose of radioiodine for the treatment of hyperthyroidism (12S). 
Much larger doses have been given in ca.ses of thyroidal cancer without 
demonstrable serious effect (124, 129). On the other hand, incidental dam- 
age to ovaries, kidneys or other organ.s, an incrca.se in the probability of 
mutations in ofTspring (130). or the po.s.sibility of a carcinogenic effect of 
radioiodine have not yet been determined (131). In order to calculate the 
do.sagc of radioiodine, the energy and type of radiations, the amount col- 
lected per gram of tissue and the approximate weight of the tis.sue must be 
known. Several pajicrs have ajipeared which give information on dosage 
determinations for radioiodine (40, 79, 129, 132, 133). The most important 
uses of radioiodine arc for treatment of hyperthyroidism and carcinoma of 
the thjToid but it has been used recently to treat euthyroid cardiac patients 
by producing mj*xedema (134). 

Hyperthyroidism . — The first thyrotoxic patients to receive radioactive 
iodine as a therapeutic measure were treated by Hertz and Roberts (102) 
in 1941. Coincidentally, Hamilton and co-workers (12, 135) gave large 
doses of P’* to dogs and rabbits producing marked destruction of functional 
tissue in the thj*roid with replacement by fibrous tissue. Other tissues, in- 
cluding the recurrent larj'ngeal ner\*es, the parathyroids and the trachea, 
remained normal. With this information three patients who had h 3 *per- 
thyroidism were given smaller do.ses of P^b Within four to six weeks there 
was marked clinical improvement and in a few months there was complete 
remission, with one patient requiring a small second dose. 

Subsequent studies (136) have confirmed the foregoing brief reports and 
some patients now have been observed in remission for several years. 
Hertz and Roberts (104) treated 29 thjTotoxic patients ^nth a mi.xture of 
I*’®, 90 per cent, and I'®*, 10 per cent, and noted remission in 20 patients. 
The small dosage of radioiodine (5 to 2S raillicuries) and the subsequent 
administration of ordinary iodine in these cases makes interpretation of 
results difficult. Chapman and Evans (105) treated 22 patients ha^*ing 
exophthalmic goiter with usuallj’’ larger doses (14 to 79 millicuries) of the 
same radioiodine mixture. No other treatment was emplo 3 'ed. Fourteen of 
the patients responded to a single dose w*hile 8 required subsequent dosage. 
Remissions -were complete in 20 patients and partial in 2. In 4 patients 
mj^xedema developed. Tw*enty-one of the patients experienced reduction 
in size of the thyroid to no goiter or a thj’xoid that was barely palpable. 
Fibrosis of the thjToid w*as seen in the two glands w*hich were biopsied. 
There was a great diminution in the number of follicles; but the epithehum 
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lOighloon p:\(i(’nls h.'ul n<il Iummi f<»ll(nv»Ml lon^ enough for ('V.'iln.'ilioji; 7(1 find 
lu'cn <Mithyroid from iIucm' (o t\v(‘lvc moiillis mik! d \v('rc myx('(lcm:ttons, 
'romjMirary <*x:H’(‘rli:tlioii of thyrolo\i«‘osis as a result of radial iou was eou- 
trolled in sonu' paliimls l>y oiu' of the anlill^yroid dru^s hefoic, and with 
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of nn ingested dose not excreted in the urine witliin seventy-two hours is 
collected by the thyroid, this fr.nction was arbitrarily used as the percent- 
age of an oral dose whieh the thyroid would collect. Most of the P'*' col- 
lected by the thyroid remains in the gland until its radiations arc spent. 
Weight of the thyroid was estimated in grams after palpation of the pa- 
ticnt\s neek. Experience proved that in most cases a satisfactory dose of 
delivered to the thyroid was 200 to 2.50 microcurics per gram of glandular 
tissue. Dosage was then calculated by the following formula: 


Microrurics per pram (200-2.")0) mated thyroid wciplitXlOO 
Per cent of 1'” tracer collected by thyroifl 


= desired dosape in 
microcuries. 


The oral doses varied from 2, GOO to 20,000 microcuries. In consideration of 
possible late effects of radiation, ther.apeutic radioiodinc was given to those 
patients in whom the risk and difliculties of other methods of treatment 
appeared to be excessive. The.se patients included older patients having 
serious heart disease, multiple recurrences of goiter, vocal cord paralj'sis, a 
patient with marked iodine sen.sitivity making preoperative iodination 
impossible, and one with coe>dstent malignant disease outside the thyroid. 
Of the 40 patients treated, 27 had good, S had fair, and 5 had poor results 
after administration of a .single dose. In the 8 cases in which response was 
fair the hj^perthyroidism was later controlled by one or two subsequent 
doses of radioiodine. In the 5 cases in which the results were poor the pa- 
tients were given inadequate do.sage or the hjqjerthyroidism was compli- 
cated by serious heart disease that may have caused wrong diagnoses. In 
8 cases mj^xedema developed but this was a minor complication considering 
the critical status of some of the patients. Three had recurrence of hjqjer- 
thyroidism. One instance of brief roentgen-ray sickness and leukopenia oc- 
curi-ed (Fig. 13). A striking observation was the unexplainable variability 
of response of different thjToid glands to approximately the same dosage 
of radioiodine. The possibiUty of spotty uptake of radioiodine by exoph- 
thalmic goiter may be significant in this phenomenon (10) (Fig. 10a). 

WilHams (82), in discussing the forms of treatment for hjqjerthjToidism, 
hsted the following indications for the possible use of radioiodine: 1) in- 
abihty to get the patient into satisfactory condition for surgical treatment, 
2) patient cannot afford surgical treatment, 3) patient fears surgical treat- 
ment, 4) multiple recurrences of hjqDerthjToidism, 5) vocal cord paralysis, 
6) extremely large goiter, 7) sensitixdty to, refractoriness to, or lack of co- 
operation in taking antithjwoid drugs. 

Wilhams and co-workers (S3) treated 98 unselected patients who had 
thjTotoxicosis with I^®^. The average dose was 8.5 milheuries given in from 
one to six doses. Repeat doses w^ere given at intervals of six to eight weeks. 
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incl'lcfl unl (lu'nijxMilic dose of rndioiodinc. Al iicrropsy Ihc f)tily inctnslntif 
nodule wliieh (■oll(’el('d :ijipi('ei;d)I(‘ r.'iilioiodine w.'is foun/I lo eoiiloi/i eolloifl 
follieh's while Ihe oilier melnslfilie ^rowllis, hy hisi olo/^ie exenuiielion, 
w('re uudilTenuiliMled. MeArIhur ;ind Cope (MO) u.-ive nidioiodiue pre- 
opi'i'iil iv('ly lo IS p.'ilients who h;id disonde Ihyroid nodules. Six of Ihe.'-i* 
nodules lunu'd oul lo he uudijpuml :tnd enlleep'd from none lo a foiirlh as 
luueh radioiodiiK' as did adjaeiuil uninvolved li.-sue. In M in.vtanees lh('r(! 
was deleelahle eolleelion of radioi(<(line hy ruel.a.^l al ie growths. 

I'ive of !*J eareinoiuas of Ihe ihyroid were f)hserved hy Hawstm and eo- 
worlu'i's (IIS) lo eolleel ininilual hul inea.-ur.ahle ainounis of radioiodine. 
'I’his same demci* of funelion was found to exi>t in ihe mela.^l.alie urowlhs 
from S (^f lhes(' lunu)rs. StM<ilin, ( Chry .and Valow (1-11) dmuonst rated uj)- 
lal\(* of radif)iodin(' in the meta.statie growths in S of hi ihyroid.al e.-inei'is 
and tr(‘al(‘d th(' positive mowlhs with r.adioiodiia*. Soloy (I'JO) stated lli.at 
uptake of radioiodine sufiicicml for therapeiitie purposes wa> present in the 
mt'laslalie growths in only I of II) eases of thyroid e.aneer. 

Marinelli, h’oiile and Hooker l.'iS) studied radioiodine uj)take in 10 eases 
of thyroidal eanec'r hy autijr.ndiomaphy and found It) n(‘t)i)l;isms which 
took up appreeiahie amounts of radioiodine; "> were “henii'n metastasizing 
struma" and o were' follicular adenoeareiuoma. 'I'wo {)apillary adeno- 
eari'inomas er)lleete(l only (im'stionahh* amounts. ( 'onsiderinii; th(' imriflenec 
of t hes(! typi's of cancer in comparison wit h t he incidence of t lu' typi's wliieh 
do not eolleel radioiodine, ahout lo per rent of all thyroidal eanet'r should 
collect apjueeiahle amounts of radioiodiru'. in general only the tumors eon- 
tairiinp: colloid collect radioiodine hut certain highly malif^nant tumorsaj)- 
pear to he exceptions to this rule. Xol all of the tumors with colloid or 
follicle formation collected radioiodine. A lack of uniformity of uptake 
within a cancer was noted. 'Fliis was not entirely correlated with histologic 
appearance, for lh(‘re was no uptake of isotope in some regions the structure 
of wliic'h would ordinarily indicate ability to retain ratlioiodine. A single 
bio]).s 3 ' did not. always determine whether radioiodine ui)take was sunicient 
for treatment. One case with j)ai)illary adenocarcinoma at biopsy of the 
thyroid .showed poor uptake, hut (Jeiger counts showed appreciable uptake 
in tlie metastatic growths. ]Jiop.sy of tlie ribs demonstrated a follicular 


carcinoma. 

The impression that there nia}’^ be a correlation between colloid forma- 
tion and capacitj'^ to collect radioiodinc is found in the work of Gorbman 
(142-146) on the fetal thyroid of rats, which demonstrated that fetal thy- 
roid cannot concentrate iodine until there is dilTercntiation of solid cell 
cords into follicles and deposition of colloid into the liimina. This trans- 
formation occurred at the ninteenth daj'’ of fetal life. Chapman (147) has 
found that human fetal thju'oid tissue concentrates radioiodine given to 
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Fio. 13. S:\mplc rcsviUs in treating exophthalmic goiter with radioiodine. The diagram 
at the top of each grapli rcpre.^ents the cistimatcd size of tlie thyroid during the course of 
treatment. Tlie small doses of radioiodinc were given for tracer studies, while the larger 
doses were given for therapeutic purposes. Good result (a), recurrence of hyperthjToidism 
(b), and occurrence of myxedema (c) arc illustrated. 

iodide after, the radioiodine tva.s administered. This procedure eventuallj^ 
became routine for all patients. Maximal responses to treatment were noted 
at six weeks or longer. Soley (120) has stated his conviction “that 1“' vill 
soon be an accepted satisfactory method of treating a larger proportion of 
patients with Graves’ disease than would be chosen for roentgen therapj^ 
and may even replace surgery for the average patient.’’ Haines and co- 
workers (128) drew no definite conclusions but were interested in its uses 
for patients who were difficult to control or who were poor surgical risks. 

Carcinoma of the thyroid . — Certain types of thjToidal cancer have the 
capacitj"^ of concentrating sufficient quantities of iodine to make internal 
radiation of them with radioiodine a feasible treatment. Early reports (12, 
27) were discouraging but Keston and co-workers (138, 139) soon reported 
a case in which Geiger counter studies demonstrated the ability of meta- 
static thjToidal cancer to collect radioiodine. This patient was given an 
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'I'luMc is ('iu)iip:)) |('Ihiriuin in some tloscs of rndioiodinc (o prodiicf n 
])liysic;d sijxM of Iclhirimn iMf:('s(ij)ti f:;irlic orIf)r - wliicli niny pf'isisl for 
inoiitlis on |]i(' lin'.'ilh of piificnls Irontod with do^os of nnlioiodino 

for lhyroi<I;d cMnccr {(»S). Xot cnotpdi Icllininni is in^cstofl (o r-.'itiso (o.vic 
syniplonis. wljiidi W(»nld he siinilnr to tljo-'O of nisrnic poisoning. 

Adihiulinn. Since tins pa|>cr was prcfiarcd foi‘ publication tlic following 
articles hav(' appcarcai, whicli should l)(« included in this reviev.-: 

Xickson (Xi(d{son, .latncs ,1.: l)osijucfric and ()rot('ctivc considfnations 
for radioactive iodine, ./, ('lin. ICiulnrrlnitf. 8: 707 717 [Sept.) 1!)1S) gives 
praetie.al .abbn'vial(*d fornutlas for «-;denl.atit»g t her.apfait ie dosages of, and 
(\\j)osnre of pc'isunnel to. r.ailioiodine. 

W'erner and assoei.'it(“s (U'erner, S. (^nirnby, I'Mifli ff. and S(diniidt, 
Charlotte: 'FIk' elinie.al tis(' of ra«iioaetive iodine, liittl. Xcir Yorl: Arnd. 
Mid. 24: .710 ofiO (Sept.) lOIS) reportetl the treafnient with P'' of 40 i):i- 
lients who had dilnise to.\ie goiter. lM)lIow-n{) studies last(*d from four 
months to more than :i year. 'I'he do<e utilized was determinral by nuaisiire- 
ments ov(M‘ t h(‘ t hyroid wit h .a ( leiger eount(*r. 'Diere were no f.aihires wit h a 
single dose retained by the thyroid of 7.7 or more mieroeiiries per estimated 
gram of tissiu'. Seven of the p.atienfs n*t:iining less r.adioiodim' rcapiired a 
secfjnd dose. In 4 eases tempor.ary hypothyroidism dev(4oped, but this 
el('ared spontaneously. 


1. .Tim.iot, F., ami CeiMi;, I.: .Artifirial of a new kimi of radio-elciiuait, 

Xitlurr, Lmulon 133 : *20 1 '202 (I’VI.. 10) I'.KJt. 

2. Fiat.Mi, Ivviticf); Haiiioai-tivity imliicivl Py iH'iitroii Ijoaihanlmoiit, .Xaliirr, London 
133: 7.77 (.May 10) lO.'tt. 

IIiaiTZ. Koiiiarr.s, A., :iml IA a.vs, I{. I).: Hatiioactivc iodine as an indicator in 
tlic study of tliyroiii pliy.~ioIogy, I'roc, Soc. I'Jxpi r. Jlio!. d' Med. 38: .710-.71,'l (May) 

io:)s. 

4. IIa.mii.to.v, .T. Ct.: The rates of .absorption of tlie radioactive isotopes of sodiiun. 
j)otassiuin, chlorine, l)roniine, and iodine in norma! luiman subjects, --ba. J. 
Pliijuiol. 124: (i(i7-t)7S (Dec.) lO.'kS. 

5. Raw.so.v, R. W., and iMcAKTiiini, .1. W.: Ra<lio iodine; its use as a tool in the study 
of thyroid physiology, J. Clin. Endocrinol. 7: 2,').7-20.‘l (Apr.) 1947. 

fi. LiaiiiO.Na), C. P., and SOi;, P. : Iodine ti.xation in the thyroid as influenced by the 
hypoj)hysis and other factors, Am. J. Physiol. 134: .740-.7(Jl (Oct.) 1941. 

7. Hianv-, S.; Roman’s, A.; Mua.ns, ,1. II., and Eva.vs, R. D.: Radioactive iodine as 
an indicator in thyroid jjhysiology; iodine collection by normal and hyperplastic 
thyroids in rabbits, Am. ./. Physiol. 128: 5G.7-o7G (Feb.) 1940. 

8. Evans, R. D.: Isotopes: radioactive, measurement. In Glasser, Otto: Medical 
Physics, Chicago, Year Book Publishers, Inc., 1944, pp. G43-G5S. 

9. Roddes, L. H. : Preparation and measurement of isotojies and some of their medical 
aspects, U. S. Nav. M. Bull., Siippl., 1948, 215 pp. 
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(lie mother only after the fourteenth week of pregnaney or after the fetal 
thyroid has developed to the point of follielc formation and deposition of 
colloid. 

Only 1 ease in vhieh thyroidal cancer was treated with radioiodine ha.s 
been reported in detail (124, MS). The patient had undergone total th}- 
roidectomy twenty years before treatment with radioiodine and function- 
ing metastatic, growths and hyjierthyroidism developed five years before. 
Therapeutic doses totaling IIO.S millicuries of and 1.5S millicuries of 
I**’ were given orally over a two-year period, nearly 40,000 equivalent 
roentgens being delivered to the tumors. During two years of observation 
there was clinical improvement and arrest of the growth of metastatic 
tissue but the meta.static tissue still retained the ability' to collect radio- 
iodine. indicating that the malignant le.sion had not been destroyed. There 
were no serious reactions to the large doses of radioiodine, even though 
temporary alopecia occurred over a large metastatic area in the skull, and 
transient leukopenia developed. Loiter and co-workers (MS) quoted Hare, 
who found no response by an alveolar carcinoma of the thjToid after ex- 
posure to 6,000 roentgens of x-radiation, but who successfully treated a 
patient by interstitial implantation of radon with a calculated dose of 20,000 
roentgens, a value well beyond the reach of e.xternal radiation. 

The maximal dose of radioiodine which a human being can tolerate 
without serious after-effects has not yet been determined. Gorbman (149) 
gave young mice huge doses of (3 to 50 millicuries per kilogram of body 
weight). The larger doses produced complete destruction of the thjToid 
within a few daj's. The smaller doses permitted survival of some thjToidal 
epithelium but resulted in loss of the parathyroids. Lesions were produced 
in the tracheal epithelium with all dosages and in the recurrent larjmgeal 
neiwe with the larger doses. Pos.sibly the central regions of the thjToid or of 
a metastatic growth are exposed to more radiation than the peripheral 
regions (150). Because of spotty uptake and hmited penetration of beta 
particles, it would be well to deliver large enough doses of radioiodine to 
get therapeutic gamma irradiation (38). Some patients at the Memorial 
Hospital in New York have received single doses of 250 milheuries of 
without serious toxic effect (129). Uptake of radioiodine by cancers of the. 
thjToid maj*^ be increased bj’’ removal of the normal thjToid bj^ surgical 
means or bj^ internal radiation, by gi^dng antithjToid drugs and withdraw- 
ing the drug a few daj’^s before administration of radioiocUne, 63^ injections 
of th3Totropic hormone (151) or b3’’ temporar3’' renal block of radioiodine 
excretion (38). Rawson (152) noted that occasional!}’’, as one metastatic 
nodule is destroyed b}’’ radioiodine, another begins collecting the isotope 
and can be treated. There is a hopeful possibiht}'^ that radioactive organic 
compounds ma}^ be produced which locaUze in tumor tissue (153). 
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1)1. Ki;sT()N. 'riii' Srh:irdiiii:i'r iMirytiK' in l)if)lt)i;ir.'il iodin.'iliotis, J. llin!. (Hnni. 

153: :n.') .m (Apr.') I'.m. 
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.1. Ihn!. ('Krnt. MR: 71!) 7'Jn (.Iiiiit-) IPl.'l. 
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r.'uliti.’u’tivi- thyroiil a*- iiolirator. J. Chm. 152: 'J!'.') .'iOl fl'cl).) 1!»M. 
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cator. rf/;o.'/i »'/ 3't : l.'il' 11)7 (Mar.) I’MI. 
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Tte 1949 Meeting of tte 
American Goiter Association 

The next annual meeting of the American Goiter Association will be 
held at the Loraine Hotel in Madison, Wisconsin, Maj'- 26, 27 and 28, 1949. 

All members of the Association are urged to make their hotel reserva- 
tions as early as possible. Those who would prefer a resort hotel will find 
the new Edgewater very beautiful. It is half a mile from the Loraine on 
the shores of Lake Mendota. 

The officers of the Society are as follows : 

President — Arnold S. Jackson, Madison, Wisconsin 

President Elect — Samuel F. Haines, Rochester, Minnesota 

Vice President — Willard 0. Thompson, Chicago, Illinois 

Corresponding Secretar}^ — T. C. Davison, Atlanta, Georgia 
Recording Secretary'’ — Geo. C. Shivers, Colorado Springs, Colorado 
Treasurer — V. E. Chesk}^, Halstead, Kansas 

Executive Councilors 
J. H. Means, Boston, Massachusetts 
Elmer Bartels, Boston, Massachusetts 
Allen Graham, Pittsburgh, Pennsjdvania 
H. P. Sloan, Bloomington, Illinois 
D. U. McGregor, Hamilton, Ontario, Canada 

Dr. George Crile, Jr. of Cleveland is Chairman of the Program Committee. 


Aiinoiiincemeiit of Jefferson Medical 
College and Hospital Fellowship 


A Fellowship in obstetric and gynecologic endocrinology will be a^'ail- 
able at the Jeffci-son Medical College and Hospital, Philadelphia, on or 
about i\Iay 1, 1949, under the dircetion of Dr. A. E. Bakoff, Assistant Pro- 
fc.<sor of Obstetrics and Gynccplogy, and Endoci’inologist to the Depart- 
ment of Clinical Laboratories. 

The Fellowship is available to Doctors of Medicine wlio have had at 
least one year or its equivalent of postgraduate training in obstetrics and 
g^’nccology. Applicants for the Fellowship should communicate at once 
with Dr. Lewis C. SchcfTcy, Professor of Obstetrics anrl Gynecology, Head 
of Department, and Director of Division of Gynecolog}', .JefTerson Merlical 
College and Hospital, Philadelphia 7, Pa. 



Tlie 1949 Meeting of tlie Association 
for die Study of Internal Secretions 

: TT - - : . . . — : 

The Thirty-First. Animal Meeting of the Association for the Study of 
Internal Secretions will be held in the Chalfontc-Haddon Hall, Friday and 
Saturday, June 3 and 4, 1949, in Atlantic City, New Jersey. 

We are informed by the hotel management that reservations will be 
difiicult to secure on short notice; therefore, members are urged to make 
reservations at once with Chalfontc-Haddon Hall, giving time of arrival 
and length of stay in Atlantic City. 

The scientific sessions will be held in the Viking Room, as formerly, and 
registration will be on the same floor. The annual dinner will be held in 
the Rutland Room, Friday, June 3, at 7 p.m., preceded bj' cocktails in the 
same room. 

Those wishing to present papers, which will be limited to ten minutes, 
should send the title and four copies of an abstract of not more than 200 
words, to Dr. J. S. L. Browne, Royal Wetoria Hospital, Montreal 2, 
Canada, not later than jMarch 1, 1949. It is imperative that the abstracts 
be informative and complete, with results and conclusions, in order that 
they may be of value for reference and suitable for printing in the program. 

Nominations for the Squibb and Ciba Awards and the Ayerst, hlcKenna 
and Harrison Fellowship should be filed on special forms with the Secre- 
tary of the Association, not later than March 15, 1949, according to 
specifications pven in the section on Awards. 


Tke 1949 Anniiial Meeting of the 
American Diabetes Association 

Chalfonte-Haddon Hall, 

Atlantic City, N. J. 

Saturday afternoon, June 4; 

Sunday morning and afternoon, June 5. 

Banquet, Saturday Night. 

Please send reservations for the banquet now to this oflace. Wives of mem- 
bers are welcome. Dinner subscription — S6.00 — Payable ivhen you register 
at the meeting. 
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tract. Administration of this serum to male or female rats was followed by 
atrophy of the gonads, similar to that occurring after hypophysectomy. 

• The problem of antihormone formation is therefore of considerable im- 
portance in clinical therapy with gonadotropic hormones. Besides vitiating 
the effects of the administered hormone, the formation of nonspecific an- 
tihormones may also nullify the actions of the patient’s endogenous gonad- 
otropic hormones. This possibility has been recognized, but as yet has not 
been demonstrated (3). 

Antihormone formation in human subjects has followed administration 
of pregnant mare serum gonadotropin (4, 5, 6), horse pituitary gonado- 
tropin (7), and a mixture of human chorionic gonadotropin and sheep pitui- 
tary gonadotropin ("Synapoidin”) (6). The antihormones formed to preg- 
nant mare serum were specific (4, 6), i.e., they were effective only against 
pregnant mare serum gonadotropin. The antihormones formed to “Syna- 
poidin” and to horse pituitary gonadotropin were nonspecific, as they were 
effective against pregnant mare serum as well as against the administered 
hormones (6, 7). There was no evidence that the antihormones were effec- 
tive against the patients’ endogenous gonadotropic hormones (6). 

It is the purpose of this communication to report the results of study- 
ing antigonadotropin formation in 7 sterile men receiving a sheep anterior 
pituitary extract rich in follicle-stimulating hormone^ (hereafter referred to 
as sheep FSH), The following problems were investigated: 

1. Rate, incidence and amount of antihormone formation. 

2. Specificit}^ of the antihormones. 

3. Effects of the antihormones on the patients’ endogenous gonado- 
tropins. 

4. Mechanism of action of the antihormones. 

Method of antihormone assay: Twenty-four-day old female Spraguc- 
Dawley rats were used as assay animals. A sample assay is presented in 
Table 1. Each rat received a total of 4 units- of sheep FSH dissolved in 6.0 
cc. of water, 1.0 cc. being injected .subcutaneously twice daily for three 
days. One group of rats received only FSH, whereas others received in 
addition varying amounts of plasma .suspected of containing antiliorrnoncs 
(obtained from patient K.H. eightj'-two days after initiating thcrap}')* 
The plasma was divided into G equal doses and injected subcutaneously 
concurrently with the hormone, i)ut at a .separate site. The rats were kilhfl 


* Generously supplied by the Selioring Corporution through the eourtesy of Dr. 
I'Mwurd S. Henderson. (This prci>:ir;ition rdso contnined small .'unounts of infer.-titiai 
eell-stiniulatiin: hormone.) 

= “Units” refiTs to the inamifaeturers' statefi potency. This .also .aj)plies to the other 
Imrmonc' n-ed,. 
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ANTIHOR.^rONE FORxMATION COMPLICATING 
PITUITARY GONADOTROPIN THERAPY 
IN INFERTILE MEN 

1. PROPERTIES OF THE ANTIHORMONES* 

WILLIAM 0. MADDOCK, M.D., Ph.D.** 

Dcparlincn( of Physiology, Univcrsily of Oregon Medical School, Portland Oregon 

P ROLONGED administration of gonadotropic hormones derived from 
one species to an individual of a different species can elicit formation 
of substances in the plasma capable of preventing the action of the ad- 
ministered hormones. These substances have been named antihormones, or 
more specificall}', antigonadotropins. Such terminology infers a similarity 
betAveen antihormone and antibody formation; however, it is not the pur- 
pose of this report to consider the immunological properties of antihor- 
mones. This subject has been amplj”^ reviewed by Zondek and Sulman (1). 

Antigonadotropins, besides being effective against the administered hor- 
mone, may also be effective against other gonadotropic hormones. In ex- 
perimental animals, it has been demonstrated that nonspecific antigonado- 
tropins may even be effective against the normal, circulating gonadotro- 
pins. For example, Rowlands (2) found that nonspecific antihormones were 
formed in the serum of rabbits injected Mfith an ox anterior pituitarj*^ ex- 

Received for publication July 12, 1948. 

*Read in part before the 57th Annual Meeting of the American Ph 5 ’'siologicaI Societ 5 ', 
Atlantic City, New Jersey. 

Supported in part by a grant from the Research Grants Di-v-ision of the U. S. Public 
Health Service. 

**Eli Lilly Fellow in Endocrinology. 
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no detectable difference, as both are at uninjected control levels. However, 
uterine weights now show a clear-cut difference, 146 vs. 37 mg. 

The individual assay results for each patient are tabulated in Tables A 
to G in the appendix, and summarized in Table 2. 


Table 2. Rate and Amount of Antigonadotropin Formation to Sheep FSH 


Patient 

Detection 
of anti- 
hormones 
before 
therapy 

Duration 
of therapy 
(da3'-s) (50 
units sheep 
FSH 
daily) 

Anti- 

hormones 

first 

detected 

(days) 

Maximal 
amount 
(units of 
anti- 
hormone* in 
circulation) 

Last da}-- 
found 
present 
(after 
stopping 
therapy) 

First daj' 
found 
absent 
(after 
stopping 
therapjO 

D.B. 

None 

65 

52 

3,000 

37 

86 

H.B. 

None 

104 

51 

5,000 

39 

88' 

R.C. 

None 

84 

60 

>7,000 

60 

125 

L.D. 

None 

82 

49 

10,000 

58 

108 

C.G. 

— 

60 

56 

>7,000 

283 

— 

K.H. 

None 

66 

52 

10,000 

128 

164 

G.M. 

— 

56 

45 

3,000 

21 

121 

Range 

None 
(5 tested) 

56-104 

45-60 

3,000-10,000 

21-283 

86- 


* One “antiliormone unit” is that amount just sufficient to prevent the action of 1 
unit of sheep FSH. 


RATE, INCIDENCE AND AMOUNT OF ANTIHORMONE FORMATION 


Antihormone titers before therapy: Antihormone titers were determined in 
5 of the 7 patients before initiating therapy by assajong 0.9 cc. of plasma 
against 2 units of sheep FSH. In 2 normal students 6.0 cc. of plasma was 
assayed against 4 units of FSH (Table H, appendix). In no instance were 


antihormones detected in untreated individuals. 

Duration and amount of therapy: Each patient received 50 units of sheep 
FSH daily (self-administered, intramuscularly) except patients K.H. and 
G.M. Patient K.H. received 50 units twice daily for twelve days and then 
50 units once daily for fifty-four days. Patient G.M. received 50 units twice 
daily for forty-five days and then 50 units once dail}’’ for eleven days. Du- 
ration of therapy ranged from 56 to 104 days, and is indicated for cacli 
patient in Table 2. Pretreatment intraderrnal sensitivity tests to the sheep 
FSH were negative in each patient. 

Incidence of antihormonc formation: Antiliormone formation occurred in 
each of tlic 7 patients. By determining antiliormone titers at approxi- 
mately two to four week intervals it was found that all 7 patients developcfl 
antihormones within forty-five to sixty days after initiating therapy (Table 
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twenty-four lunirs after the last injcetion, and the weiglits of ovaries and 
fluid-free uteri were taken as the assay end i)oints. (Controls receiving only 
FSH were included in each assay, because it was found that the amount of 
hormone varied from ampule to ampule. It should be stressed, however, 
that in each assay all rats received exactly the same amount of hormone 
from the same stock solution, freshly prepared prior to each assay.) 

The data of Table 1 demonstrate that rats receiving only FSH showed 
marked uterine and ovarian stimulation. Rats receiving in addition 0.9 cc. 
of plasma showed only uterine stimulation, whereas rats receiving l.S cc. 
of plasma showed neither ovarian nor uterine stimulation. 


TaDLK 1. DkTKCTION' of ANTmON'ADOTROriXS 


1 

! 

1 

Volume of 1 


Assay rats 


Units of sheep FSH 1 
per rat* 

jdasma in- 
jected 
j cc. 

uterine 

weight 

mg. 

Ovarian 

weight 

mg. 

X’umber 
of rats 

4 

0 

mm 

S3 

3 

4 

0.9t 


15 

2 

4 

i.st 

wmsm 

13 

3 

Uninjected controls + 

! 0 

[ 36 

13 

63 


* The FSH and plasma were divided into 6 equal doses administered twice dail}" for 
3 daj's. 

t Source of plasma; K.H., 82 da}'s following initial FSH injection. 

t These values for uninjected controls were obtained from controls included in each 
assay and apply to all the data. 

Certain details concerning the response of the immature female rat to 
gonadotropic hormones should be emphasized. The first response of the 
ovary to gonadotropic hormones is secretion of estrogen, which is detected 
by an increase in weight of the uterus. Only after the uterine weight in- 
crease has reached a maximum, does the ovarj' increase in weight (S). The 
importance of tins concept is illustrated by inspection of the data in Table 
1. Compare first the data for rats recehdng only FSH with those for rats 
receiving in addition 0.9 cc. of plasma. If onl 3 ’ uterine weight is considered, 
no difference between the two groups can be detected, because both 109 
and 146 mg. can be considered as approximatelj’’ maximal uterine weights 
(8). However, a clear-cut difference is found bj'- comparing ovarian weights, 
83 vs. 15 mg. Similarlj^, compare the figures for rats recehdng 0.9 cc. of 
plasma with those of rats recehdng 1.8 cc. of plasma. Ovarian weights show 
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Table 3. Antigonadotropic Effect on Human Chorionic Gonadotropin 


Units of chorionic 
gonadotropin 
per rat 

Volume of 
plasma 
injected 
cc. 

j Assays rats 

Uterine 

weight 

mg. 

Ovarian 

weight 

mg. 

Number 
of rats 

“Pranturon” (Schering) 





1 

0 

91 

22 

3 

1 

l.S* 

29 

9 

3 

“A.P.L.” (Ayerst) 





1 

0 

125 

19 

3 

1 

3. Of 

45 

13 

3 


Source of plasma: * L.D., 105 da 5 ^s following initial FSH injection. 

t C.G., 264 da 5 "s following initial FSH injection. 


Aniigonadoiro'pic effect of plasma on pregnant mare serum gonadotropin: 
Three cc. of patient C.G.^s plasma completely prevented the action of 5 
units of pregnant mare serum (“Antex,” Ayerst, McKenna & Harrison) 
(Table 4). 


Table 4, Antigonadotropic Effect on Pregnant Mare Serum (PMS) 


Units of PMS 
(“Antex,” Ayerst) 
per rat 

Volume of 
plasma 
injected cc. 


Assay rats 


Uterine 

weight 

mg. 

Ovarian 

weight 

mg. 

Number 
of rats 

5 


1 135 

15 

3 

5 1 

1 

3.0* 

41 

15 

3 


* Source of plasma: G.G., 265 days following initial FSH injection. 


Antigonadotropic effect of plasma on horse FSH: Tlie antihormones failed 
to alter tlic effect of 1 unit of horse pituitaiy gonadotropin (“Gonatrope," 
Forbe.'^). Althoiigli 1.8 cc. of patient D.B.’s plasma collected sixty-six days 
after initiating FSH therap}' was capalile of preventing the response of 
about 2 units of sheep FSH, the same amount of this plasma failed to af- 
fect the response of 1 unit of horse pituitary gonadotropin. Similarly, 3.0 
r-c. of jiatient C.G.'s pla.srna collected 204 days after initiating therapy 
pn'vented the effect of approximately 2 units of sheep FSH; but 3.0 and 
0.0 cc. of this jilasma were without effect on 1 unit of the horse j)ituitary 
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2). At this time, antihormonc titers were siifliciently great to nullify many 
times the administered daily dose of sheep FSH. 

Amoituls nf antihormonc present in the circulation: The amounts of anti- 
hormone present in the eireulation ran he roughly estimated as follows: 
from Table 1. it can he seen that 0.0 ee. of K.H.’s plasma almost, hut not 
eompletcly, prevented the action of *1 units of FSH It can he estimated that 
approximately 3 units of FSH were inactivated. Defining an “antihormone 
unit’’ as that amount just sufiicient to prevent the action of 1 unit of 
hormone, then 0.0 ee. of K.H.’s plasma contained about 3 units of anti- 
hormone. .\.«suming total plasma volume as 3,000 ee., then there were 
3,000/0.0X3, or 10,000 units of antihormone in the total plasma. This is 
enough to neutralize 200 times the administered daily dose, or almost 3 
times the total amount of hormone administered. Similar estimations for 
the other patients ."^howed that at the time of maximal antihormone forma- 
tion there were 3,000 to 10.000 units of antihormone prc.sent in the plasma 
(Table 2). 

Time required for antihormones to disappear: Repeated antihormone a.s- 
says performed after stopping therapy demonstrated that antihormones 
disappeared from the plasma within three to five and one-half months after 
the last injection of FSH in 6 of the 7 patients (Table 2). At the date of the 
last test, G.O cc. of plasma of each of these patients did not alter the effects 
of 4 units of sheep FSH. Antihormones were still present in the other pa- 
tient 283 days after cessation of therapy" at this time the titer was approxi- 
mately one-fourth of the maximal value. 

SPECIFICITY OF THE .YNTIHORMONES 

In order to test the .specificity of the antihormones, plasma containing 
antihormones to sheep FSH was tested against the following gonadotropic 
hormones: 

1. Chorionic gonadotropin derived from human pregnancy urine. 

2. Pregnant mare serum gonadotropin. 

3. Anterior pituitarj' gonadotropin derived from horse pituitaries 
(mainly FSH). 

4. Urinary gonadotropin derived from the urine of a castrated man 
(mainty FSH). 

The assays were carried out as previously described. 

Antigonadotropic effect of plasma on human chorionic gonadotropin: Two 
commercial preparations were tested :“Pranturon” (Schering) and“A.P.L.” 
(Ayerst, McKenna & Harrison). In both instances, 1 unit of hormone elic- 
ited a definite gonadotropic response wliich was completelj^ prevented by 
the injection of 1.8 and 3.0 cc. of plasma of patients L.D. and C.G., respec- 
tivelj’- (Table 3). 
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EFFECTS OF THE ANTIHORMONES ON THE PATIENTS’ 
ENDOGENOUS GONADOTROPINS 

Since the antihormones were sufficiently nonspecific to be active against 
human castrate male gonadotropins, the question arose whether or not 
they were effective against the patients’ own urinary gonadotropins. Anti- 
liormones were tested against endogenous gonadotropins in 4 of the pa- 
tients. Urine collected after stopping therapy (in order to avoid recovering 


T.vble 7. Effect of Antihormones on Patients’ Endogenous Gonadotropins 


Amount ultrafilter 
urine concentrate 
per rat 

Total cc. 
plasma 
per rat 

Daj^s after 
therapjf 
initiated, 
plasma 
collected 


Assaj’- rats 


Uterine 

weight 

mg. 

Ovarian 

weight 

mg. 

Number 

of 

rats 

12-hour urine per rat collected 

1 

0 


86 

12 

3 

by R.C., da 3 's 54 to 63 after 
stopping therapy 

j 6.0 

j 

144 

33 

12 

3 

12-hour urine per rat collected 

0 

— 

173 

22 

3 

by L.D., daj's 2 to 7 after stop- 
ping therapy 

3.0 

91 

28 

12 

3 

12-hour urine per rat collected 

0 

— 

113 

12 

2 

bj’ K.H., daJ^s G to 9 after stop- 
ping therapy 

6.0 

1 

95 

i 26 

! 

11 

2 

12-hour urine j)er rat collected 

1 0 

— 

135 

16 

2 

by C.G., da,vs 4 to 7 after sto[)- 
ping therapy 

0.9 

77 

28 

11 

2 

4-hour urine per rat collected ! 

0 1 

— 

82 

14 

4 

by C.G.. flays 126 to 131 after i 

6.0 

193 

33 

14 

2 

stopping tlierapj' j 

1 






administered sheep FSH) was concentrated by ultrafiltration. Each rat. in 
a given assay received an equal aliquot of the ultrafiltered urine concen- 
trate. One group received only urine concentrate, whereas others received, 
in addition, plasma from the .same patient. For example, patient L.D. 
collected urine from day 2 to day 7 after stopping therapy. The hormone 
concentrated from a twelve-hour urine .specimen elicited definite uterine 
and ovarian stimulation: this was completely prevented by the addition of 
:L0 cc. of his own j)lasma (Table 7). Similar results were olitained on tlie 
other d jiatients (Table 7). 
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preparation (Table o). Thus, plasma containing antiliormoncs formed in 
response to sheep FSII wa.s not antiponadof ropic to horse pilnitaiy gon- 
adotropin. 

Tahik o. Anticonadotiioi’k; Ernarr on Iloitsi; A.sTiaiiou PiTtuTAnv Extract 


Assay rats 


Units of lior.se FSH I 
(“Gonalropc,” Forbes) 
per r;\t j 

i 

I’nlumc of 
plnsimi 
injected cc. 

Uterine 

weight 

Ov.nri.in 

weight 

mg. 

Number 
of rats 

1 ! 

0 1 

mgsm 

20 

9 

1 ! 

1 .s* 


IS 

.3 

1 i 

.3.0t 


20 

3 

1 1 

G.oj 


24 

3 


Source of plasm.i: * D.B., CG d.iys following initial FSH injection. 

t C.G., 2G4 days following initial FSH injection. 


Urinary gonadotropin obtained from a castrated man: The urine \va.s con- 
centrated by the ultrafilt ration technic (9). A Uvo-hour aliquot gave a defi- 
nite gonadotropic response which was partially prevented bj’’ 0,9 cc. of 
plasma and completely prevented by 6.0 cc. of plasma (collected from 
patient K.H. sixty-seven days after initiating therapy) (Table 6). 


Table G. ANTiGONAnoTnoric Effect on Human Ubinaby Gonadotbopi.n 


Aliquot hours; human 
male castrate ultra- 
filter urine concentrate 
per rat 

Volume of 
plasma 
injected cc. 

Assay rats 

Uterine 

weight 

mg. 

Ovarian 

weight 

mg. 

Number 
of rats 

2 

0 

114 

55 

3 

2 


117 

32 

2 

2 

6.0* 

21 

5 

3 


* Source of plasma: K.H., 67 days following initial FSH injection. 


Antihormones that form in response to administration of sheep FSH are 
effective against hormones from sheep, horse, and human sources, and 
therefore are not species specific. The antihormones are effective again.st 
anterior pituitar}’-, human chorionic, and pregnant mare serum hormones, 
and therefore are not hormone specific. However, this lack of .specificit 3 ’' is 
not complete, because the antihormones are not effective against horse 
pituitary gonadotropin. 
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and Wolfe (10), referring to the unpublished data of Mej^er and Sevring- 
haus, stated that antigonadotropins were formed in the blood of human 
females after the administration of anterior pituitary gonadotropin prepa- 
rations; no further information was given. Spence, Scowen and Rowlands 
(11) were unable to detect antihormones in the serum of 2 patients follow- 
ing treatment with 30 to 50 units of a pig pituitary extract twice weekly for 
sixteen to twenty-three weeks. Leathern and Rakoff (7) reported that 6 of 
13 patients treated with 200 to 400 units of horse pitiiitaiy gonadoL’opin 
per month developed antihormones after three to four months of therapy. 

To our knowledge there are no previous data concerning the formation 


Table S. Recovery of Antihormones from Plasma by Ultrafiltration 


Units sheep 
FSH 
per rat 

j 

Total cc. 
plasma 
per rat 

i 1 

Treatment 
of plasma 

Assay rats 

Uterine 

weight 

mg. 

Ovarian 

weight 

mg. 

Number 
of rats 

4 

0 


120 

52 

3 

4 

l.S* 

untreated 

97 

15 

3 

4 

3.0* 

untreated i 

28 

12 

3 

4 

3.0* 

ultrafiltration | 

1 

80 

17 

3 


0 

1 

101 

77 

3 

4 

0.9t 

untreated 

118 

31 

2 

4 

i.st 

ultra filtration 

118 

29 

3 


Source of plasma: * C.G., 243 clays following initial FSH injection. 

t K.M., 109 days following initial FSH injection. 


of antigonadotropins in tlie human following the admini.stration of only 
.sheep pituilaiy extracts. However, Rakoff and Leathern (12) rcpoilcd tlic 
rc.sults of treating 25 patients with a mixture of slieep pituitary and Iniman 
chorionic gonadotropins (“.Sj-napoidin”). Antiliormones did not form in 22 
patients treated for two to five months. .Antihormones did form in 3 pa- 
tients treated for more than six months with this preparation. Tlie forma- 
tion of antiliormones in their experiments is most probably due to the sheep 
FSH in the extracts, since antihormonc formation has not been demon- 
strated following treatment with human chorionic gonadotropin alone, 
(Segaloff and Parson (13) have reported the pre.-^ence of antiliormones (*f- 
fective against human chorionic gonadotropin after the administration of 
this material. However, as antihormone assays were not performed prior 
to treatment with chorionic gonadotropin, and as this patient had pn'vi- 
oihIv rc'ceived jirotracfed treatment with a pituitary extract, it is most 
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The following control experiments were also performed: G.O ee. samples 
of plasma from normal medical students R.B., L.C., and E.J. were tested 
against twelve-hour urine extracts from patients C.CE, K.H. and L.D. re- 
spectively, without materially efTccting the gonadotropic response of the 
extracts (Table H, appendix). Also, the plasma of normal subject E J. was 
not antigonadotropic to his own urine extracts (Table H, appendix). 

MECHANISM OF ACTION* OF THE AXTIHORMOXES 

-Vlthough the antihormone.s arc efTcctive against endogenous gonado- 
tropic hormones, gonadotropins arc being excreted in the urine at a time 
when the antihormones in the blood are at their highest level (compare the 
time of urine collections (Table 7) with antihormone assays tabulated in 
the appendix). .-Mso, urinary gonadotropin titers were as high or higher 
than pretreatment levels.' Therefore, antihormones do not destroy or ir- 
reversibly combine with gonadotropins nor do they prevent production or 
release of gonadotropic hormones from the hypophysis. As gonadotropic 
potency is clearly demonstrable in the urine extracts when antihormones 
are present in the plasma, separation of antihormone and hormone must 
occur. There are two possible sites where this could take place: 

1. The kidney. The kidney could retain antihormone, but excrete hor- 
mone. 

2. The ultrafilter concentration procedure. It is possible that the kidney 
excretes both hormone and antihormone and that ultrafiltration re- 
covers oiilij hormone from the urine. 

To differentiate between these two possibilities, plasma known to con- 
tain antihormones Avas diluted 1 : 100 with Avater and then concentrated by 
the usual ultrafiltration technic. The concentrate Avas then extracted with 
water to the original xmlume of plasma and its antihormone content com- 
pared AA’ith that of the original plasma by assajdng against sheep FSH. 
The data of Table 8 show that the ultrafiltration technic is capable of re- 
taining antihormones, and that approximately 50 per cent of the original 
potency is recoA^ered. Thus, the second possibility is not in operation, and 
separation of antihormones and hormones must take place at the kidney. 

DISCUSSION 

Rate and incidence of antihormone formation: Clinical data concerning the 
formation of antigonadotropins to pituitary extracts are meager. Me 3 "er 

' See Table 1 in part II of this study (Jungck, E. C.; Aladdock, W. 0.; Heller, C. G., 
and Nelson W. 0.) to follow in the April issue of The Joukxal of Clixical Exdocrix- 

OLOGT. 
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of hormone and antihormone with N/10 to N/15 NaOH and found that 
the antihormone was destroyed, leaving active gonadotropin. 

Kupperman, Meyer and Hertz (21, 22) have concluded from experiments 
in parabiotic rats that antihormones do not act on the pituitary gland, but 
that they '"neutralize” gonadotropins in the blood stream. We would agree 
with their conclusions and define "neutralization” as the formation of a 
combination of gonadotropin and antihormone. 

That antihormones are not excreted in the urine of men with high plasma 
antihormone titers agrees with work in experimental animals (23, 24), 



wliere antiliormones were not detected in the urine of animals having higli 
titers of antiliormones in the plasma. 

The relat ionships between antihormones and endogenous gonadotropins 
are summarized diagrammatically in Figure 1. Administration of sheep 
FSH elicits the formation of nonspecific antiliormones that arc effective 
against the patients’ endogenous gonadotropins. Aiitihormoncs act by 
combining with gonadotropins in the blood stream. The antihormone- 
hormone combination is separated by the kidney, antihormone being re- 
tained in the circulation and hormone being excreted in the urine. 

SUMMARY AXD CONCLUSIONS 

1. In each of 7 sterile men given daily injections of follicle-stimulating 
hormone (FSH) derived from sheep anterior pituitary glands, antihornione 
formation occurred. 
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likely that, these antihonnoncs were formed in response to the pitnitary 
extract — not the ehorionie ponadotropin.) 

The low ineidenee of antihormonc formation encountered bj' RakofT and 
Leathern (12) compared to the 100 per cent incidence found by us may be 
explained on the basis of the ditTcrcncc in dosage employed. ^Yhereas we 
cmidoycd 50 units of sheep FSH daily, they used only 90 units of "Syna- 
poidin” monthly (“15 rat synergy units ... 3 times weekly for the first 2 
weeks of each cycle’’). 

The lack of specificity of the antihormoncs formed in response to sheep 
FSH is in agreement with animal experiments (14, 15). The fact that the 
antihormones were not effective against horse pituitary gonadotropin is 
puzzling, but not without precedent. Simmonet and Michel (16) found that 
antihormoncs formed in rabbits following administration of human chori- 
onic, pregnant mare scrum, and postmenopausal urine gonadotropins were 
not effective against hor.se pituitary extracts. The only antihormone effec- 
tive against horse pituitarj’ gonadotropin was that formed in response to 
horse pituitary extracts. 

Our data demonstrate that antihormones do not destroj-^, irreversibly 
combine with or prevent pituitary production or release of gonadotropins. 
Two alternate mechanisms of action may be considered: 

1. The antihormoncs have no effect on gonadotropins, but act directly 
on the gonads, rendering them incapable of responding to gonado- 
tropins. 

2. Antihormone and hormone combine, in which form the hormone is 
incapable of acting on the gonads. Such a combination could, by defi- 
nition, be separated by the kidney. 

The first mechanism of action seems highly improbable. It is difficult to 
visualize how an antihormone could render the gonads incapable of re- 
sponding to one hormone but not another, unless the mechanism of gonad- 
otropic action varies as to the hormone employed. Okkels (17) has shown 
that thjToid tissue, unresponsive to the action of thjTotropin, again be- 
comes responsive to the same thyrotropin when the thyroid gland is re- 
moved and placeiJ in a perfusion apparatus. Selye, Collip and Thomson 
(18, 19) have demonstrated that rats refractor 3 '- to one gonadotropic hor- 
mone are still capable of responding to other gonadotropins. 

The second mechanism of action adequately explains the data. Whether 
or not an antihormone was effective against a given hormone would de- 
pend upon the abilitj'- of the two to combine. Such a theorj’- explains the 
action of antihormones without assuming that thej"^ destroj^ hormones or 
act directly on the gonads. 

Zondek and Sulman (20) demonstrated that antigonadotropins do not 
destroy gonadotropins in 'V’itro. They treated a mixture of equal amounts 
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2. Sufilcient atitihonnoncs formed within two months to vitiate com- 
pletely the effects of tlie injected FSH. 

3. The maximal titer of antihormones, attained within three months 
after initiating therapy, was sufTicient to neutralize the effect of from 50 to 
200 times the daily injected dose of FSH. 

4. Antihormoncs disappeared from the circulation within three to nine 
months after stopping therapy. 

5. Inasmuch as the antihormones were effective against gonadotropins 
derived from sheep, horse and human sources, they are not species specific; 
and inasmuch as they were effective against anterior pituitary, chorionic 
and pregnant, mare serum gonadotropins, tliey arc not hormone specific. 

G. The antihormoncs found in the patients’ plasma were capable not 
only of inactivating urinary gonadotropins derived from a castrated man, 
but also were able to prevent the action of the urinary gonadotropins of 
their hosts. It is therefore concluded that antihormones can prevent the ac- 
tions of endogenous gonadotropins. 

7. The mechanism wherebj' antihormones prevent the actions of gonad- 
otropic hormones is apparently a reversible combination between the mole- 
cules of hormone and the molecules of antihormone. 

It seems unlikely tliat antigonadotropins destroy gonadotropins or ir- 
reversibly combine with them, because endogenous gonadotropic hormones 
are being excreted in the urine when maximal amounts of antihormone are 
present in the plasma. It is concluded that the kidnej' separates the combi- 
nation of hormone and antihormone, permitting the excretion of gonado- 
tropin and simultaneously retaining antigonadotropins in the circulation. 
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Table B. Patient H.B.: Antihokmone Titers to Sheep FSH 
Treatment; 50 units sheep FSH daily for 104 days 


Units sheep 
FSH 
per rat 

Total cc, 
plasma 
per rat 

Days after 
therapy initiated; 
plasma collected 

Assay rats 

Uterine 

weight 

mg. 

Ovarian 

weigJit 

mg. 

Number 

of 

rats 

2 

— 

— 

100 

19 

3 

2 

i 

0.9 

before therapy 

111 

31 

3 

2 1 

— 

— 

113 

37 

3 

2 1 

i 

0.9 

24 

103 

41 

3 

2 

— 

— 

138 

66 

3 

2 i 

i 

0.9 

51 

130 

IS 

3 

4 

— 



109 

S3 

3 

4 

1.8 

1 

80 

116 

36 

3 

4 

j 

— 

! 109 

64 

3 

4 

l.S 

93 

' 129 

15 

3 

4 

r- — 



101 

77 

3 

4 

l.S 

105 

127 

20 

3 

4 

— 

— — 

120 

52 

3 

4 

l.S 

143 

121 

27 

3 

4 

3.0 

143 

122 

17 

3 

4 

,■ 

— 


67 

3 

4 

6.0 

192 

111 

67 

3 
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APPENDIX 


TAiiu: A. Patjknt D.P.: AvrinonMoNK Tirnns roSnr.r.r FSII 
TrcAtmont : '>0 units sheep FSII (hiily for Go (Uys 


Units sheep 1 
FSII 1 

per rat ' 

■ 

i 

Total ee, ^ 
plasma 
l)er rat 

Day.s after 
therapy initiatcil; 
jilasma eolleetcrl 


Assaj' rats 


Uterine 

weipht 

mp. 

Ovarian 

Avoight 

ing. 

Number 

of 

rats 

2 




no 

16 

4 

2 

o.n 

before therapy 

100 

29 

4 

2 




51 

11 

3 

2 

o.n 

24 

53 

9 

3 

4 

— 


109 

S3 

3 

4 

1..S 

30 

102 

70 

3 

4 



109 

64 

3 

4 

l.S 

52 

124 

32 

3 

4 

. — 


101 

77 

3 

4 

l.S 

GO 

107 

41 

3 

4 

. — 


93 

54 

3 

4 

3.0 

SI 

9S 

33 

3 

4 




120 

52 

3 

4 

3.0 

102 

111 

21 

3 

4 

6.0 

102 

115 

19 

3 

4 

— 



90 

67 

. 3 

4 

c.o 

151 

lOS 

56 

3 
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Table D. Patient L.D.: Antihormonb Titers to Sheep FSH 
Treatment: 50 units sheep FSH daily for 82 days 


Units sheep 
FSH 
per rat 

Total cc. 

1 

plasma 
per rat 

Days after 
therapy initiated ; 
plasma collected 

Assay rats 

Uterine 

weight 

mg. 

Ovarian 

weight 

mg. 

Number 

of 

rats 

2 


— 


19 

3 

2 

! 0.9 

before therapy 


28 

3 

2 

1 j 

— 

113 

37 

3 

2 

' 0.9 

22 

107 

38 

3 

2 

— 

— 

134 

32 

3 

2 

0.9 

36 

138 

26 

3 

2 

— 

— 

138 

66 

3 

2 

0.9 

49 

143 

12 

3 

4 1 




109 

83 

3 

4 1 

1.8 ' 

78 ' 

143 

13 

3 

4 

— 



109 

64 

3 

4 


91 

133 

17 

2 

4 

1.8 

91 

29 

12 

2 

4 






77 

3 

4 

0.9 

105 


29 

3 

4 



— 

120 

52 

3 

4 

0.9 

141 

lOG 

45 

3 

4 

1 .8 

141 

113 

26 

3 

4 




90 

67 

3 

4 

I .8 

190 

97 

70 

3 

4 

3.0 

190 

102 

66 

3 

4 1 



— 

in 

51 

3 

4 ' 


227 

100 

53 

3 
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T.mim; C. PATinNT R.C'.: Antiiioumom; Titkus to Sin;i;i’ FSII 



Treatment: 

: aO units sheep I'SH daily for S ! days 



^ 



Assay rats 


Units shccj) 

Total cc. 

Days after 




rsH 

plasma 

therapy initiated; 

Uterine 

Ovarian 

Number 

per rat 

per rat 

plasma collcetcd j 

weight 

weight 

of 


i 

( 

i 

1 

m^. 

inp. 

rats 

2 



- 


19 

3 

2 

0.9 

before therapy 

103 

17 

3 

2 

1 



ol 

11 

3 

2 

0.9 ! 

1 ! 

72 

12 

3 

4 



■ ] 


S3 

3 

4 

1 .s 

GO 

146 

54 

3 

4 

— 

j _ 


64 

3 

4 

1 .s 

73 

151 

20 

3 

4 

— 

j 

101 

77 

3 

4 

1 .s 

S7 

41 

12 

3 

4 

— 

— 

120 

62 

3 

4 


137 

124 

59 

3 

4 

l.S 

137 

133 

4S 

3 

4 

— 

— 

101 

50 

3 

4 

3.0 

144 

154 

39 

3 

4 


— 

111 

51 

3 

4 

6.0 1 

209 

149 

54 

3 
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Table F. Patient K.H. : Antihormone Titers to Sheep FSH 
Treatment: 50 units sheep FSH twice daily for 12 days ' 
then 50 units once dail 5 ’- for 54 days 


Units sheep 
F.S.H. 
per rat 

! 

Total cc. 
plasma 
per rat 

Daj’^s after 
therapy initiated ; 
plasma collected 

Assaj’- rats 

Uterine 

weight 

mg. 

Ovarian 

weight 

mg. 

Number 

of 

Tats 

2 

i 1 

— 


16 

4 

2 

0.9 

before therapj^ 

mm 

25 

4 

2 

1 

— 

113 

37 

3 

2 

0.9 

27 

100 

25 

3 

2 

1 

— 

138 

66 

3 

2 

0.9 

i 

53 

41 

11 

3 

2 

— 

— 

51 

11 

3 

2 

0.9 

67 

23 

8 

3 

4 



! 

109 

83 

3 

4 


82 ! 

146 

15 

2 

4 

1 

1.8 

82 

37 

13 

3 

4 



— 

109 

64 

3 

4 

0.9 

95 

IIS 

21 

3 

4 






77 

3 

4 

0.9 

1 

109 

118- 

31 

2 

4 


— 

120 

02 

4 

4 

1 .8 

159 

114 

30 

3 

4 

1 

1 

90 

67 

3 

4 

! 1 .8 

194 

99 

87 

2 

4 

i 4.5 

194 

99 

47 

3 

4 

1 

— i 

111 

51 

3 

4 

G.O 

230 I 

127 

47 

3 
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Taht.i; E. P.\tii:nt C.G.: Antihoumonk Titkusto SiiKi:r FSH 
Trcutincut; oO units sheep FSII (hiily for GO days 


Units sheep 
FSII 
per rat 

Total re. 
plasma 
per rat 

Hays after 
theraiu’ initiated; 
idastna collected 


Assay rats 


Uterine 

weight 

mg. 

Ovarian 

weight 

mg. 

Number 

of 

rats 

0 


- 

130 

30 

4 

2 

0.0 

.'50 

33 

12 

4 

2 

1 

t 

} 

_ j 


39 

3 

2 

0.0 1 

77 j 

41 

13 

4 

2 

- 1 

— 

OS 

27 

5 

2 

0.0 ! 

1 

06 

20 

12 

5 

2 

1 

— 

113 

37 

3 

2 

0.0 1 

125 

54 

17 

3 

2 

— 

— 

134 

32 

3 

2 

0.9 

137 

27 

15 

3 

4 

i 

— 

109 

S3 

3 

4 


ISO 

151 

40 

2 

4 

1 l.S 

1 

ISO 

44 

16 

3 

4 

— 

— 

109 

64 

3 

4 

l.S 

193 

36 

19 

3 

4 

— 

— 

93 

54 

3 

4 

l.S 

222 

107 

23 

3 

4 

— 

— 

120 

52 

3 

4 

l.S 

243 

97 

15 

3 

4 

3.0 

243 

2S 

12 

3 

4 

— 

• 

■■ 

50 

3 

4 

l.S 

264 


44 

3 

4 

3.0 

264 

■■ 

20 

3 

4 

— 




64 

3 

4 

3.0 

343 


30 

3 

4 

6.0 

343 


19 

3 




































THE PREGNANDIOL PRECIPITATION TEST. 
FURTHER OBSERVATIONS ON CLINICAL 
APPLICATIONS AND TECHNIC* 

HAROLD C. MACK, M.D., ARTHUR E. PARKS, B.S. 

AND MARIAN McDonald, b.a. 

Froyn the Endocrine Laboratory and the Department of Obstetrics and Gynecology, 

Harper Hospital, Detroit, Michigan 

T he value of the pregnandiol precipitation test as a rapid laboratory 
aid in the diagnosis of pregnancy and as a means for predicting the 
probable outcome of threatened abortion has been indicated in previous 
reports (1, 2, 3, 4). Added experience with the method has since led to cer- 
tain modifications of technic. An appraisal of its efficiency based on 737 
pregnancy tests and a study of 149 patients with threatened abortion is 
now presented. Further possible applications of the method in investigation 
of normal and abnormal ovarian cycles are suggested. 

Briefly stated, the pregnandiol test developed in this laboratory depends 
upon the precipitation of unpurified pregnandiol from the urine of women 
during the postovulatory phases of normal menstrual cycles and during 
amenorrliea of normal pregnancy. The presence of pregnandiol during tlie 
ovarian cycle is indicative of antecedent ovulation; its presence during 
amenorrliea of normal pregnancy indicates presumably normal corpus 
luteum and placental function. The physiologic basis for these assumptions 
has been well established by numerous investigations using other technics, 
principally the more time-consuming quantitative methods. Our studies, 
using the greatly simplified qualitative precipitation test, closely parallel 
the findings of other investigators. 

Recent applications of the precipitation method in studies of normal and 
abnormal menstrual cycles, correlating tiic excretion of pregnandiol to 
fluctuations of basal bodj^ temperature, have sliown a close relationship of 
pregnandiol excretion to the post ovulatory temperature rise. In cycles with 
typical biphasie temperature patterns, we have consistently observed preg- 
nandiol excretion following presumptive ovulation. 

''I'lie amounts of pregnandiol precipitate varied considerabl}'. Pregnan- 
diol excretion occurred most commonly between the second and fifth days 
following ovulation and disappeared usually one to four days before the 
onset of the menstrual flow and the fall of morning temperature. 

llocoivcil for puliliciitiiin July 2.J, 194s. 

* AiduJ l>y a trraut frutn the Stewart Hamilton .^femoriai Re.'careh Fund of Harper 
Hospital. 
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Tahu; G. Tatii-.n-t G.M.: ANTmouMONK Titkusto SiiKKr FSII 
TrcaliiiPiit: "jO units sliccp FSII twice daily for 45 days 
then 50 units once daily for 11 daj's 


Units sheep 
FSII 
per rat 

Total cc. 
plasma 
per rat 

Days after 
therajiy initiatcil; 
plasma collected 

As.<=ay rats 

Uterine 

M-eiglit 

mg. 

1 

Ovarian 

weight 

mg. 

Number 

of 

rats 

4 i 

— 

j 


S3 

3 

4 1 

1 .S 

22 

95 

74 

3 

4 

- - 

1 j 

101 

77 

3 

4 

1 .s 

1 45 i 

115 

55 

3 

4 

- 

1 


52 

3 

4 

j 3.0 

77 

77 

IS 

3 

4 

, . - 


102 

64 

3 

4 

G.O 

1 

So 

65 

3 


Table H. Conthol Data, Testing Plasma from Normal Medical Students R.B., 
L.C. AND E.J. Against Sheep FSH and Urinary Gonadotropins 



Plasma : 
amount and 

J source 


Assay rats 


Hormone 

Uterine 

weight 

mg. 

Ovarian 

weight 

mg. 

Number 

of 

rats 

4 units 

— 

■■ 

62 

4 

sheep 

G.O cc. — L.C. 


52 

3 

FSH 

G.O cc. — E.J. 

■■ 

52 

3 

12-hour ultrafilter urine con- 
centrate, patient C.G., 7 mo. 

— 

S9 

77 

3 

after stopping therapy 

6 .0 cc. — R.B. 

107 

S6 

3 

12-hour ultrafilter urine con- 
centrate, patient K.H., 4 mo. 

— 

125 

23 

3 

after stopping therapy 

6.0 cc. — L.C. 

132 

14 

3 

12-hour ultrafilter urine con- 
centrate, patient L.D., 3 mo. 

1 

107 

69 

3 

after stopping therapy 

6.0 cc. — E.J. 

137 

71 

3 

12-hour ultrafilter urine con- 
centrate, normal medical stu- 

! 

105 

44 

3 

dent, E.J. 

6.0 cc. — E.J. 

112 

35 

3 
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cycles usually conformed to the “normaF’ pattern as shown in the April 
and May curves. During the June cycle, ovulation occurred late in the 
fourth week (26th day) instead of at the usual time (14th-16th day). 
Pregnandiol excretion was first observed on the 28th day. Late ovulation 


Oral llonnal and Delayed Ovulation 




Fig. 3. Open squares indicate day.s when jircgnandiol precipitation test was negative. 
Shaded squares indicate days when pregnandiol precipitation test was positive. 

and late pregnandiol excretion were thus followed by delayed men.struation 
on the 42nd day. Such oceurrenco.s explain certain false po.sitivc pregnancy 
test.s a.s will be disciis.scd below. 

Figure 4 illustrates data in a patient (Mr.s. M'. R. T., para 1, gravida 1) 
under study becaii.^e of sterility of five years’ duration. In Marcli she ex- 
hibited a 29-day cycle with complete absence of pregnandiol excretion; in 
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Fig. 1. Open .‘;qu:irc.? indicate day.'; wlicn pregnandiol precipitation tc.?! was negative. 
Shaded square.? indicate day.? wlien pregnandiol precipitation test was po.sitive. 


Figure 1 graphically illustrate.'^ a typical relationship between basal tem- 
perature and pregnandiol e.vcretion in a normal .subject, Alr.s. R. T., a 24- 
year-old white married female who became pregnant three months later. 
The time of appearance of the precipitate following the postovulator}' 
temperature rise and its absence on the day preceding the menses is typical 
of our findings in other normal, ovulatory cycles. 

Figure 2 (Airs. D., para 1, gravida 2) illustrates an instance in which 
the relationship of pregnandiol excretion to basal body temperature was 
observed during the cycle preceding the on.set of a planned pregnanc 5 \ 
Continued excretion of pregnandiol and the sustained temperature level 
following ovulation are typical of normal pregnane}'. 

Figures 1 and 2 illustrate normal cycles of regular interval in which the 
ovulatory temperature rise and postovulatory pregnandiol excretion occur 
in tj-pical sequence. 

Figure 3 (AI. D., para 0, gra^^da 0) illustrates an example of delayed 
ovulation and late pregnandiol excretion in a subject whose menstrual 



Fig. 2. Open squares indicate daj's when pregnandiol precipitation test was negative. 
Shaded squares indicate days when pregnandiol precipitation test was positive. 
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TECHNIC 

Experience gained in performing more than 6000 determinations has led to certain 

valuable modifications of the procedure: 

1. Obtain an S-hour overnight urine specimen. 

2. Place the entire specimen in an Erlenmeyer flask of convenient size. 

3. Add 50 ml. of toluene (reagent quality), 10 volumes per cent of concentrated hydro- 
chloric acid, and a few glass beads to the flask, 

4. Connect the flask to a vertical Liebig condenser and reflux vigorously on the hot 
plate for 15 minutes. 

5. Remove the flask and cool rapidly to room temperature under the water tap. Avoid 
agitation of the sample while cooling. 

6. Transfer the sample to a separatory funnel and draw off and discard the lower layer 
(urine). 

7. If only a small amount of emulsion is present at this point it can be disregarded. If a 
large amount is present, transfer the urine-toluene emulsion to a 100 ml. tube and 
centrifuge for 5 minutes at 1500 revolutions per minute. 

S. Add 15 ml. of 0.1 N sodium hydroxide to the separatory funnel and wash by swirling 
the sample gently, 

9. The sodium hydroxide solution will settle to the bottom and is discarded. 

10. Repeat step fS with an additional 15 ml. of sodium hydroxide and follow the same 
procedure with two 15 ml. portions of water. 

IL After the last washing with water make a very careful separation so that only the 
toluene layer is transferred to a dry 125 ml. Erlenmeyer flask. 

12. Allow the sample to stand undisturbed for at least 5 minutes and then pour it into 
a second dry 125 ml. Erlenmeyer flask making sure that any droplets of water are 
left behind. 

13. Add 2 glass beads and boil on the hot plate. 

14. When the vapors reach the mouth of the flask, add slowly 10 ml. of 2% sodium 
hydro.vide in absolute methanol while the flask remains on the hot plate. 

16. Boil until the toluene is reduced to about one-half of the original volume. 

10. Filter while hot through a fritted glass filter (Pyrex, medium porosity) using suction. 

17. Place the filtrate in a dry 125 ml. Erlenmeyer flask and take to dryness on the hot 
plate. To avoid overheating of the residue use a gentle air stream to remove the hist 
traces of toluene. 

1 5. Add 5 ml. of acetone to the residue. 

10. Place the flask on the hot plate and add 25 ml. of boiling 0.1 N sodium hydroxide, 
slowlj% 3 to 4 ml. at a time. After the addition of the first 3 to 4 ml. of the sodium 
hydroxide solution to the 5 ml. of acetone, reduce the volume to appro.ximatcly 3 
ml. before addition of the next portion. The remainder of the sodium hydroxide may 
lie added more raptdlj' — shaking the flask and bringing to a boil between the addition 
of each portion. 

20. Remove the sample from the hot plate and ob.serve in a good light. In .strongly posi- 
tive samples a macroscopic, white, flaky precipitate will lie seen in tiie solution 
and particularly on the side of the flask above the level of the lifiuid. If a precipitate 
is present and plainly seen at thi.s stage, record as a four-plus re.action and carry the 
procedure no furtiier. In case of no precipitate or a quc.stionnhlc result continue 
with step f2I. 

21. Place tiie flask in the refrigerator or an ice bath until cold. 
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April and May the cycles were 37 and 41 clays respect ivcly with normal 
pregnandiol excretion. 

Our studies of pregnandiol excretion in in.stanccs of sterility have .shown 
numerous (cycles in which absenc'e of the typical biphasic temperature shift 


Oral Sterility 




Fig. 4. Open squares indicate days when pregnandiol precipitation test was negative. 
Shaded squares indicate days when pregnandiol precipitation test was positive. 


and lack of pregnandiol excretion appear to offer some explanation for in- 
fertility on the basis of failure of ovulation. The estimation of pregnandiol 
in the study of patients with disturbances of menstruation or infertility 
maj’^ thus offer information of considerable diagnostic importance. Detailed 
analj'^sis of these studies will be presented in a subsequent report. 
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Care of fritted glass filter (step i^l6). 

The same fritted glass filter has been used continuously for approximately 6000 de- 
terminations of pregnandiol performed in this laboratory in the past two j^ears. After 
each filtration the surface precipitate is washed off under the hot water tap and about 
30 ml of hot water is drawn through the filter by suction. This is followed by a few ml. 
of 95 per cent ethyl alcohol and lastly 5 ml. of acetone. By following this procedure the, 
filter is left clean and dry for the next filtration. Once a week concentrated sulfuric acid 
is used to remove any accumulated organic material. 

Addition of sodium hydroxide (step #19). 

We wish to re-emphasize the importance of slow initial addition of the sodium hydrox- 
ide solution in step #19. After addition of the first 3 to 4 ml. of sodium hydroxide the 
volume is reduced by boiling to a total of approximately 3 ml. before addition of the 
next portion. The remainder of the solution may then be added more rapidly. 

Delayed precipitation. 

We have consistently given the impression that the pregnandiol precipitation test 
can be completed in 1 hour or less. However, this is only true of those samples giving an 
immediate positive result in step #20 or #24. It has been observed that occasionally a 
reaction originally interpreted as negative will have become positive upon re-inspcction 
the following morning. Inasmuch as routine samples need not be rushed to completion 
we place the flasks from step #20 in the refrigerator as they are completed. Before leaving 
the laboratory at night one ml. of each sample is transferred to a Kahn tube and allowed 
to remain at room temperature until morning. The results are then read in the Kaim 
viewing device and recorded as negative, questionable, two-plus, three-plus, or four-plus. 

Use of hydrochloric acid in precipitation (step #24). 

One drop of concentrated hydrochloric acid is added to tubes showing negative, ques- 
tionable, or weak positive reactions and after agit.ating, the tubes are again scrutinized. 
Some reactions which were read as negative or questionable will now show a precipitate 
floating on the top of the liquid. These are recorded as one-plus. By the use of acid it 
has been possible to make the interpretation of the reaction more objective and to reduce 
the number of false negative results without increasing the number of false positives. 


RESULTS 


Tlie pregnandiol precipitation test has been emplo 3 md in our lal)oratory 
since May, 1946, in conjunction with the Friedman test on all urine .samples 
submitted for the diagnosis of pregnancy. From May, 1946 to April, 1948, 
737 tests have been performed. Following tlic reports of (luterman (5, 9) 
concerning the prognostic significance of pregnandiol excretion levels in 
cases of threatened abortion, we have applied our method to a .similar 


study of 149 patients. 

Normal Pregnancy (Table 1). Urine .samples from 381 women subse- 
quently found to have been pregnant were submitted for diagnosis. Of 
these, 361 gave correct positive pregnandiol readings (94,8%); -9 gave iti- 
correct negative readings (5.2%). The Friedman test j)erformed simiiltane- 
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22. Transfer 1 ml. of the sample to a Kahn tube ami allow it to come to room temper- 
ature. 

23. Read in the followinp manner using a Kahn viewing device:' 

(a) .'V “two-jilns’’ reaction show.s a very fine precipitate which rccinircs careful 
scrutiny of the tube to be visible. 

(b) A “three-plus” reaction is still a fairly fine precipitate but is readily evident 
11)1011 looking at the tube in the viewing box. 

(c) A “four-))lns" reaction is rc.=crvcd for those reactions which show an agglutina- 
tion of the ))reci])itato into large particles, or for those which were positive in 
ste|) >20. 

24. Add one dro)j of concentrated hydrochloric acid to tubes which still .show a negative 
or questionably positive reaction. Some of tbese now show a precipitate which floats 
on the surface of the liquid. Record this as a “one-])lus” reaction. 

ItcagcnL’! 

1. 0.1 A' sodiuvi hydroTidc (aiijiroximately): — Preiiare a stock solution of 2 N sodium 
hydroxide by making IGO grams of sodium hydroxide pellets C.P. u)) to 2 liters 
with distilled water. For approximately 0.1 N sodium hydroxide, make 100 ml. of the 
stock solution iqi to 2 liters with distilled water. These solutions are not critical. No 
further standardization is ncccssarj'. 

2. 2% sodium liydroiidc in absolute methanol : — Dissolve approximately 2 grams of 
sodium hydroxide pellets C.P. in 100 ml. of absolute methanol (synthetic or C.P.). 
Prepare fresh daily and filter before use. 

3. Hydrochloric acid C.P. 

4. Toluene (purified or reagent quality). 

5. Acetone C.P. 

G. Methj'l alcohol, absolute C.P. 


modifications 

Eight-hour specimen (step fl). 

We originally followed Guterman’s example (5, 6) in using 100 ml. of a first morning 
specimen of urine for assay. It was soon evident, however, that a more constant aliquot 
of the 24-hour urine excretion was necessarj', since overnight samples varied from 50 to 
1500 ml. Since, also, the dailj" pregnandiol output during the luteal phase of the C 3 'cle 
and earlj' pregnane^' has been shown to varj- from 1.5 to 10 mg. (7), and since our technic 
accuratelj' detects 0.5 mg. of pregnandiol (1), consistenth- positive -results in women 
excreting a minimum of 1.5 mg. per daj- could not be expected unless one-third of the 
dailj' output was analj-zed. Accordinglj-, we now insist upon S-hour samples. The con- 
sistent use of S-hour specimens makes it possible to compare the amounts excreted bj- 
different wom'en or bj- the same woman from dai-- to daj-. Someiwille, Gough, and' Alar-, 
rian (8) also found 100 ml. samples of urine inadequate for pregnandiol assaj’ and sug- 
gested using one-fifth of a 24-hour specimen. 


^ Sell, Floj-d: “Yie-n-ing Device for the Final Stage of the Kahn Test.” Presented be- 
fore the Rluminating Engineering Society, Great Lakes Regional Conference, June 5, 
1943. 
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subsequent reports from physicians who submitted the samples for diag- 
nosis. 

Nonpregnant states (Table 2). Urine samples from 356 patients subse- 
quently determined not to have been pregnant at the time of testing gave 
correct negative pregnandiol reactions in 316 (88.8%); false positive tests 
were reported in 40 (11.2%). The Friedman test gave correct negative 
reactions in 277 of 282 tests (98.2%). There were 5 false positive Friedman 
reactions (1.8%). 

False positive pregnandiol tests (Table 3). The case histories of patients 
with false positive pregnandiol reactions were subjected to further scrutiny 
after the clinical results became known. The 18 patients classified as ‘'de- 
layed menses” had gone more than seven days beyond the date of the 
expected period when the tests were made; 13 of these patients always 
menstruated at irregular intervals. The possibility of late ovulation and 
consequently delayed, menstruation in such instances has been illustrated 

Table 3 

False Positive Peegnandiol Tests 


No amenorrhea IS 

Delayed menses IS 

Corpus luteum cyst 2 

Lactating 1 

Secondary amenorrhea 1 

Total 40 


in Figures 3 and 4. In 18 of the 40 cases, specimens were submitted during 
the luteal phases of normal cycles because of pelvic findings (tumor, ad- 
nexal enlargement) suggesting to the physician the possibility of preg- 
nancy, or because of abnormal flow during tlie preceding cycle. In two in- 
stances positive tests were obtained in patients operated upon for corpus 
luteum cysts. 

It is evident from the foregoing and from other reports in the literature 
(6, 10, 11) that the positive pregnandiol test should be interpreted with 
caution since it gives presumptive evidence of pregnancy only when (he 
uruic is obtained during periods of amenorrhea in ivomcn with otherwise nor- 
mal menstrual cycles. When these criteria arc followed, the accuracy of the 
pregnandiol test in nonpregnant states compares favorably to that in nor- 
mal pregnane*}'. In cycles regularly surpassing the usual 28-day length 
(Figs. 3 and 4), late pregnandiol excretion as a consequence of late ovula- 
tion may be expected. These fundamental facts cannot be over-empliasizcfl 
since lack of their understanding has led to false interpretations of the test. 
When cycles are consistently irregular, the Friedman test should be per- 
formed simultaneously. 
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Taiim; 1 


Dunition of 
anicnorrlic.n 

Xormnl pregnancy 

Pregnandiol 
precipitation test 

Friedman test 

(from exi)ccfc(l menstrual 
period to time of test) 

False 

negative 

Correct 

j)ositivc 

False 

negative 

Correct 

positive 

Less tlian 1 week 

1 

IS 

3 

16 

1 to 2 weeks 

4 

60 

1 

57 

2 to 3 weeks 

3 

46 

1 

44 

3 to 4 weeks 

3 

46 

3 

41 

Over 4 weeks 

0 

132 

3 

117 

Unknown 

3 

.59 

2 

5S 


20 

.361 

13 

333 


(5.2%) 

(94. S%) 

(3.S%) 

(96.2%) 


Total 3S1 

Total 340 



T.\ble 2 




Konprcgnanl slates 




Pregnandiol 



Condition 

precipitation test 

Friedman test 

- 

False 

Correct 

False 

Correct 


positive 

negative 

positive 

negative 

Delayed menses 

IS 

59 

1 

70 

Secondarj' amenorrhea 

1 

11 

0 

12 

Functional bleeding 

0 

14 

1 

10 

Menopause 

2 

13 

0 

13 

Postabortion 

0 

IS 

0 

S 

Lactation 

1 

5 

0 

6 

Pelvic inflammatorj’ disease 

1 

25 

0 

3 

Fibroids 

3 

20 

0 

12 

Ovarian cj’sts and tumors 

4 

S 

0 

7 

Pseudocyesis 

0 

3 

0 

0 

Insufficient data 

10 

140 

3 

136 


40 

316 

5 

277 


(11 .2%) 

(88.8%) 

(1.8%) 

(98.2%) 


Total 356 

Total 2S2 


ously (in instances where sufficient urine was available) gave correct posi- 
tive reactions in 333 of 346 specimens (96.2%); false negative -tests were 
obtained in 13 (3.8%). The accuracy of these tests was determined bj' 
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pregnant could be explained in part by delayed pregnandiol excretion con- 
sequent to late ovulation in irregular cycles; or by the urine specimen 
having been procured during the luteal phases of normal cj^cles. When these 
cases are eliminated and the test is restricted to instances of genuine 
amenorrhea, the accuracy in nonpregnant states is 97.2 per cent and it thus 
compares closely to that obtained during normal pregnancy. Pregnandiol 
excretion offers presumptive evidence of pregnmicy only during amenorrhea of 
previously normally menstruating loomen. When cycles are consistently pro- 
longed or irregular, the Friedman test should be performed in conjunction. 
The Friedman test showed an accuracy of 96,2 per cent in normal preg- 
nancy and 98.2 per cent in nonpregnant states. 

The prognostic value of the pregnandiol precipitation test in threatened 
abortion has been investigated in 149 cases. Of 53 patients giving negative 
test results, 51 (96,2 per cent) aborted. From this it seems evident that 
negative pregnandiol tests during pregnancy are practically pathogno- 
monic of subsequent abortion. 

Preliminary investigations of pregnandiol excretion during the postovu- 
latory pliases of menstrual cycles, in conjunction with basal temperature 
determinations, indicate further usefulness of the test in the study of prob- 
lems of infertility. 
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TAiii.r. 4 


TnUI'.ATKXr.I) Aiioiition 
Rotcntioii of fetuf; — GS patients 


No. of weeks ge.^tation 

5-S 

0-12 13-lG 

17-20 

Unknown 

Total 

Pregnoiuiiol test jiosifivc 

23 

2S S 

7 

0 

GO 

Pregnrmdiol lest negative 

2 

0 0 

0 

0 

2 


.•Vbnrtion — SI patients 




No. of weeks ge.^fation 

5-S 

9-12 1.3-10 

17-20 

Unknown 

Total 

Pregnandiol te.«t positive 

S 

11 7 

3 

1 

30 

Pregnandiol test negative 

14 

30 2 

4 

1 

51 


Threatened abortion. T’able 4 shows the results of a study in 149 patients 
with symptoms of threatened abortion (cramps, bleeding) during earh' 
pregnancy. In 51 cases, negative pregnandiol tests preceded the occurrence 
of spontaneous abortion. In 10 instances, positive pregnandiol tests be- 
came negative during the period of observation in cases which similarlj' 
terminated in fetal loss. In 66 cases, pregnandiol tests remained positive 
during the period of symptoms in ca.ses in which the fetus was retained. 
Incorrect prediction was made in 30 cases in which the tests remained 
positive despite eventual abortion. Nineteen of the 30 cases were in the 
first trimester of gestation when abortion took place. The possibility that 
positive tests in some instances were associated with nonendocrine causes 
of abortion must also be considered. However, while the pregnandiol pre- 
cipitation test evidently provides rapid screening, it may be necessar}' to 
resort to quantitative methods for the detection of decreasing pregnandiol 
levels in instances where persistent positive reactions are obtained despite 
continuation of symptoms. 

The qualitative pregnandiol precipitation test has its greatest value dur- 
ing threatened abortion prior to the fifth month of gestation. Since in- 
creasing placental function adds greatly to the output of pregnandiol after 
the fourth month it ma}" also be necessarj-^ to rely upon quantitative meth- 
ods to determine diminished progesterone metabolism in later stages. Of 
the 53 patients giving negative results with this test, 51 or 96.2 per cent 
aborted. Frorn these data it seems eAudent that in pregnanej^ negative 
pregnandiol tests are almost pathognomonic of subsequent abortion. 

SUMMART AND CONCLUSIONS 

The pregnandiol precipitation test, performed in 737 urine specimens 
submitted for the rapid diagnosis of pregnancj'’ showed an over-aU efii- 
ciency of 91.9 per cent. In cases of normal pregnancj' the acciuacy was 
94.8- per cent, whereas in nonpregnant states it was 88.8 per cent. False 
positive tests reported in women subsequentl 3 ’' found not to have been 



246 


J. H. CRAMPTON, S. X. SCUDDER AND C. D. DAYIS Volume 9 


Table 2. Patients with Diabetes Melliths who Subsequently Developed 

Addison's Disease 


Author* 

Patient’s 

Duration of 
diabetes at 
time of 
onset of 
Addison’s 
disease 
yrs. 

Apparent 
etiology of 
Addison’s 
disease 

> 

Duration of 
Addison’s 
disease 

Age 

JTS. 

Sex 

Unverricht 

(7) 1926 i 

32 

M 

6 

Tuberculosis 

1 2-4 months 

Rowntrec & Snell (8) 1931 

25 

M 

1 

Atrophy 

15 months 

Rowntree & Snell (8) 1931 

— 

M 

6 

Atrophy 

18 months 

Rogoff 

(9) 1936 

25 

M 

4 

Denervation 







of adrenals 

12 months 

Bloomfield 

(10) 1939 

30 

M 

1 

? Atrophy 

Patient alive 

Bowen, et al. 

(11) 1942 

76 

F 

10 

Tuberculosis 

12 months 

McCullagh 

(12) 1942 

— 

i\I 

7 

? Atrophy 

Patient alive 

Bickel 

(13) 1945 

29 

lAI 

6 

? 

Patient alive 

Devitt & Murphy(14) 1947 

28 

F 

H- 

Atrophy 

3 months 

Adler 

(15) 1947 

20 

F 

2 

? Atrophy 

Still living 


* Since this article was written, we have the following references to add to this 
category: 

Allan (16) 1930 — a review only. 

Brookfield and Corbett (17) 1934 — diagnosis of Addison’s disease qiiestionablc. 
Heim (18) 1940. 

Sprague cl al. (19) 1947 — three cases, reported in a brief abstract. 


Table 3. Those Patie.nts in Wiio.m Addison’s Disease Pbeceded 

Diabetes Mellitus 


Author* 

1 

1 Patient’s 

j Duration of 
jAddison's disease 
prior to 

1 diabetes mellitus 
years 

Etiology of 
Addison’s 
disease 

j 

Duration of 
combined 
diseases 

''>5' Sox I 

yrs. 

Rhind & Wihson (20) 1941 

32 F 

2 1 

Atroph}' 

2 mo.— died 

Thorn A Clinton (2) 1943 

23 M 

H 1 

Unknown 

Alive 

SofTer A Sorkin (21) 1945 

42 .Al 

2 1 

1 

Unknown 

.Alive 


* Since this article was written, we have the following references to add to this 
category: 

Lowrie el al. (22) 1948. 

Knowiton and Kritzler (23) 1940. 






CARBOHYDRATE METABOLISM IN THE COAIBINA- 
TION OF DIABETES MELLITUS AND ADDI- 
SON’S DISEASE, AS ILLUSTRATED BY A CASE 
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and CLARENCE D. DAVIS, M.D. 

From the Dcparlmcnl nf Medicine, Univcrsitu of Washington School of Medicine and the 
Virginia Mason Hospital, Seattle, Washington 

S IMULTANEOUS occurrence of Addison’s disease and diabetes mel- 
litus is rarely observed. It is .surprising that ibis is only the nineteenth 
report of a proven occurrence of these two diseases in the same patient, 
when 2S.4 per cent of patients with diabetes mellitus also have active 
tuberculosis (1). We have combined those cases summarized bj' Thorn and 
Clinton in 1943 (2) with the subsequent case reports in Tables 1, 2, and 3. 

In both Addison’s disease and diabetes mellitus there are marked aber- 
rations in carbohydrate metabolism. A better understanding of these di- 
versions in the indiHdual disease and realization of the characteristic pat- 
tern of their summation should lead to premortem diagnosis of adreno- 
cortical insufficiency in a greater number of diabetic patients. To clarify 
this pattern, a synthesis is presented to illustrate the various abnormalities 
in carbohydrate and related metabolism. Special emphasis is placed on the 
biochemical and clinical modifications appearing in each disease. 


T.\BLE 1. P.^TIE.NTS WITH SlSIULT.^NEOUS O.VSET OF Dl.\BETES ^MeLUTUS 
.4XD Addisox’s Disease 




Patient’s 

Duration 

Pathologic 

Insulin 

requirements 

Author 


Age 

yrs. 

1 

Sex 

of disease 

JTS. 

findings in 
adrenal gland 

Arnett 

(3) 1927 

39 

F 1 

3 

Atrophy 

20-50 units daiU 

Lev 5 '-Simpson 

(4) 1932 

16 

M 

1 

Atrophy 

10 units resulted 

Gowen 

(5) 1932 

54 

F 

1-5 

Atrophy 

in hypoglycemia 
5 units resulted 

Koepf & Bowen 

(2) 

20 

M 

2 

Atrophy 

in hj^ioglycemia 
diabetes con- 

(unpublished) 

Nix 

(6) 1943 

39 

M 


Atrophy 

trolled bj' diet 
not controlled 
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materials from the gut, secondary to the lack of salt-active hormones of the 
adrenal cortex. 

Clinically, these alterations are characterized by: a) extreme insulin 
sensitivity, b) fasting hypoglycemia, c) flat oral glucose tolerance curve, d) 
an intravenous glucose tolerance curve which shows a normal initial rise 
and then a fall to moderate or severe hypoglycemic levels, e) hypoglycemic 
reactions which tend to be more severe at higher levels of the blood sugar 
than in the normal individual (37), and f) a failure of epinephrine to pro- 
duce a normal rise in the blood sugar (37). 

Protein metabolism is significantly changed in Addison's disease. In 
untreated chronic adrenocortical insufficiency, conversion of protein into 
glucose diminishes (35). Conversely, it is noted that after administration of 
certain fractions (Kendall compounds A, B, and E) of adrenocortical ex- 
tract, excretion of nitrogen in the urine increases, denoting accelerated pro- 
tein catabolism (38). 

In Addison’s disease impairment of fat metabolism is shown by: a) di- 
minished ability to utilize the intermediate products of fatty acid metabo- 
lism (36) ; b) lessened formation of ketone bodies after injection of phlo- 
rhizin (39) ; and c) inability to deposit fat in the liver (40). It should be noted 
that the tendency toward acidosis often found in Addison’s disease may in- 
crease when diabetes mellitus supervenes. This is probably the result of 
two factors: diminished ability to utilize the intermediate products of fatty 
acid metabolism, and excessive excretion of sodium by the kidneys due to 
lack of salt-active adrenal hormones. 

The case to be presented illustrates the interaction of the many and di- 
verse physiochemical processes described above. 

CASE HISTORY 

First Admission: On July 8, 1942, L. R., a SG-year-old woman, was referred to the 
Mason Clinic for control of diabetes mellitus of sixteen years’ duration, for which she 
had been taking crystalline insulin (C), 20 units, before each meal. The past history dis- 
closed that in 1920 a goiter was removed because of symptoms of toxicity. Her general 
state of health had remained good. 

Physical examination reve.aled a blood pressure of 108 systolic and GS diastolic, a dry 
and sallow skin with a vague bluish tint; there were no other significant physical findings. 
The urine showed a 2-plus sugar and 1-plus albumin. The blood hemoglobin was 14 Om.; 
erythrocyte count, .5,000,000; and leukocyte count, 7,-300, with a normal difTorential 
count. The blood Kahn and Kolmer tests wore negative. Blood sugar levels ranged from 
108 to 385 mg. per cent. A roentgenogram of the chest demonstrated calcified mediastinal 
lymph nodes. 

The patient was discharged on a diet of 175 C«m, of carbohydrate, 80 Cm. of protein 
and 100 Grn. of fat; and was to take 20 units of protamine zinc insulin (P7A) and 10 units 
of cTystalline insulin (C-IO) before breakfast. 

Interval: Tea months later she returned complaining of mild nausea. This continued 
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Carbohydrate metabolism in diabetes mcUitus. Diabetes mellitus, funda- 
mentally, results from a dcfieiency of the hormone insulin. Cori and Cori 
(24) have recently centered attention upon the enzyme hexokinase and its 
probable role in facilitating the reaction: glucose plus adenosine triphos- 
phate yields glucose-O-phosphatc plus adenosine diphosphate. This reac- 
tion rcprc.«cnts the first, step in the body’s utilization of glucose. It is in- 
hibited by the diabetogenic hormone of the anterior pituitary. Imsulin acts 
as an antagonist, to the diabetogenic hormone, and has no efTect in its ab- 
sence (25). Therefore, t he apparent and perhaps sole efTect of insulin is to 
augment, this reaction. 

A deficiency of insulin leads to the following secondarj' biochemical al- 
terations in carbohydrate metabolism: a) increased glycogenolysis, b) de- 
creased rate of utilization of gluco.se in mu.scle (26) (the rate approaches 
normal only at high concentrations of glucose (27)), and c) increased glu- 
coneogenesis (2S). Clinicalh*, thc.se are manifested by: a) hyperghTcmia, 
b) glycosuria, and c) glucose tolerance curves with a rapid rise and pro- 
longed elevation in the blood sugar level. 

Controlled diabetes mellitus has no .specific efTect upon protein metabo- 
lism, but protein catabolism is increased during uncontrolled periods by the 
impaired capacity of the organism to utilize glucose and by the resulting 
hj'perglycemia and glycosuria. This chain of events leads to accelerated 
glucoueogenesis from protein, demonstrated by a negative nitrogen bal- 
ance and increased urinary nitrogen excretion (29). 

The frequenej' of lipemia in diabetes mellitus indicates alterations in fat 
metabolism. The exact mechanism involved is unknown, but it probablj' re- 
sults from increased mobilization of bodj’’ lipids secondarj" to conversion of 
lipids to glucose. Also, diminished lipogenesis from carbohj'-drate has been 
demonstrated (30). Clinicall}' and pathologically these changes are mani- 
fested bj": a) ketonemia, b) ketonuria, c) excessive deposition of fat in the 
liver, and d) lipemia. 

Carbohydrate metabolisin in Addisoji’s disease. In Addison’s disease the 
principal defect in carbohydrate metabolism is the inabilit}’’ to derive glu- 
cose from endogenous and exogenous sources. Adrenal cortical hormones 
have been shown to have an inhibitory effect upon the hexokinase reaction 
similar to that of the diabetogenic hormone of the anterior pituitar3^ (24). 
This defect is represented bj^: a) diminished conversion of glucose to gl^’^co- 
gen in both hver and muscle (31, 32); b) no decrease in the utihzation of 
glucose in muscle (33, 34) ; c) decreased gluconeogenesis from protein (35) 
and fat (36); d) decreased rate of conversion of glj’^cogen to glucose; and e) 
reduced absorption of glucose from the gastro-intestinal tract (37). The last 
phenomenon is probablj'^ the result of changes in phj’^sical absorption of 
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of adrenal hormone therapy, there was progressive deterioration to her former state. 
Again this was relieved almost immediately by intensive treatment vdth intravenous 
saline, DC A, and adrenocortical extract. She was well enough to be discharged seventy- 
two hours after the reinstitution of therapy. Her discharge diet was carbohydrate 165 
Gm., protein 80 Gm., and fat 90 Gm. She was instructed to take daily, 7 mg. of DCA 
normal dietary salt, 3 Gra. of supplementary salt, and PZI, S units. 

Interval: One month later, because of progressive weight increase and edema of the 
ankles, the DCA was reduced to 3 mg. daily and the salt was discontinued. Apathy, nau- 
sea, vomiting, malaise and weakness soon reappeared and progressed; even though the 
dosage of DCA was increased to 6 mg. daily. 

Third Admission: November 26, 1946 (four months after second admission). She was 
unable to give a coherent story. There was an increase in skin pigmentation and, for the 
first time, a dusky hue of the oral mucous membrane was observed. Her blood pressure 
was 155 systolic and 100 diastolic. There was no evidence of heart failure or edema. 

The blood hemoglobin was 12 Gm.; erythrocyte count, 3,600,000; and the leukocyte 
count, 5,750. Urinali'sis showed a few leukocytes and a slight amount of albumin. The 
blood chloride was 429 mg. per cent; nonprotein nitrogen, 25 mg. per cent; serum sodium 
315 mg. per cent; and serum protein, 5.01 Gm. per cent, with an albumin-globulin ratio 
of 2.01. The DCA was increased from 6 to 12 mg. In addition, 20 to 30 cc. of aqueous 
adrenocortical extract and 18 Gm. of sodium chloride were given intravenously daily. 
During the last four days of life this was supplemented each day with 4 to 0 cc. of lipo- 
adrenal extract, given intramuscularly. Throughout she received PZI. 8 units each morn- 
ing before breakfast. 

The blood pressure remained between 160 systolic and SO diastolic, and 170 systolic 
and 100 diastolic. Her urinary output was normal, and there was no evidence of fluid 
retention. Despite seemingly adequate therapy, the patient did not become mentally 
alert nor did she take food. She went progressively downhill, and died without ter- 
minal incident on December 7, 1946, twenty years after the onset of diabetes, and three 
years and seven months after the onset of Addison’s disease. 

Necropsy Findings: (Only pertinent findings will be presented). The heart weighed 
335 Gm, Tlie myocardium was of normal thickness and no areas of fibrosis were noted. 

The kidnej's weighed 310 Gm. Tlie surfaces were finely granular. On microscopic 
section, there Avas a marked increase in the interstitial connective tissue and a rather 
extensive atrojfiiy of the tubules. The latter contained many hyaline casts. The glo- 
meruli showed extensive h 3 'alinization and occasional epithelial crescents. 

The liver was normal in gross apcarance, on cut section, and on microscopic study. 
Stains for hemosiderin gave negative results. 

In the pancreas only increased fibrosis Avas found. 

Eacli adrenal gland Aveighed less than 5 Gm. On cut section, the normal architecture 
AA'as completely lost. Microscopicallj', the adrenal Avas almost entirely replaced bj' an 
acute tuberculous process, represented bj' scattered Langhans' giant cells and difTu.se 
epithelioid cell formation. A fcAv areas of tj'pical cortical cells could Ijo distinguished. 

Pathologic diagnoses Avere: 1) tuberculosis of the adrenal glands, and 2) chronic 
glomerulonephritis. 

DISCUSSION 

Til IS of the casc.s prcvioii.sly reported, cliabete.s mellitii.s preeeded tlie on- 
.*<01 of Addison’s di.*'ea.-':e in 10; the reverse occurred in only 3 in.stancc.s and 
the onset wa.s simultaneous in the remaining o. However, virtually the 
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intermittently over n period of seventeen months desinte minor adjustments in insulin 
dosage. Three years and four months after disrharge she contracted mumps. She was 
hosintalired elsewhere and given 20 units of globin insulin daily. Later, afternoon 
hypoglycemic reactions were noted, even though the patient decreased the globin in- 
sulin to 12 units daily. At the same time, she experienced progressive weakne.«s, anorexia, 
weight loss (S i)ounds), increasing malaise, intermittent diarrhea, and deepening facial 
|)igmentation. However, she continued to work until vomiting started two days before 
readmission. 

Second Admif^aton: .Tuly 2S, 1940 (four years after first admission). The patient ap- 
])eared chronically ill and weak. A dirty brownish pigmentation of the face and shoulders 
without discoloration of the mucous membrane of the mouth or the breast areolae was 
noted. The blood ])ressuro was 110 .systolic and 70 diastolic, and the pulse rate was SO. 

Urinalysis showed a moderate number of leukocytes. The complete blood count 
was normal. The blond chloride (cxi)rcssod as sodium chloride) was 2G3 mg. per cent; 
the sugar, 504 mg. i)cr cent; the cholesterol, 400 mg. j)er cent; and the carbon dioxide 
combining jiower, GO volumes per cent. The bromsuljihalein liver function test (5 mg. per 
Kg.) showed less than 5 per cent retention in forty-five minutes. A roentgenogram of the 
abdomen revealed a small ealcification just to the left of the transverse process of the 
second lumbar vertebra. X-ray studies of the stomach, duodenum, and gall bladder 
showed these organs to be normal. Bas.al metabolic rates were minus 21 and minus 30 
per cent. An electrocardiogram demonstrated a rate of 86, a PR interval of 0.19, a low 
R-1, inverted T-2 and T-3, isoelectric T-4 and a flat T-1, The voltage was at the lower 
limits of normal. 

Extreme weakness, malaise, and intolerance to food with nausea and vomiting contin- 
ued. She was too weak to rise from the supine position. [Many mornings she was found 
in a comatose state from which she responded only after the administration of glucose 
in ph}’siologic saline. The systolic blood pressure ranged from SS to 54. The blood sugar 
during one such episode was 91 mg. per cent. 

At first the patient was maintained on intravenous fluids. Then, after a short interval 
of aqueous adrenocortical e.xtract administration, she was given 4 rag. dailj- of desoxy- 
corticosterone acetate (DCA) in oil, intramuscularly, supplemented bj' 3 Gm. of sodium 
chloride orallj'. She remained somewhat nauseated; therefore the DCA was increased to 
7 mg. On this regimen she had no nausea or vomiting, and her appetite was excellent. 
She became ambulator}', and was bright and alert, in marked contrast to her prexdous 
lethargy. 

As soon as DCA therapy was begun, she started to have severe hx'poglycemic reac- 
tions before and after breakfast. Sugar determinations on blood obtained before break- 
fast were near 50 mg. per cent. Her diabetes mellitus had been controlled on PZI, 12 
to 16 units daily, but h}’poglycemic reactions which followed treatment with DCA 
forced a reduction to a maintenance dose of PZI, S units daily. After one week on this 
regimen the blood pressure rose to 135 systolic and 80 diastolic, and the blood chlorides 
to 462 mg. per cent. Reversion toward normal was noted in the electrocardiogram. 

In an effort to establish the diagnosis more conclusively, DCA was wthdrawn and 
placebo hypodermic injections were substituted. Salt was withdrawn from the diet 
and none given additionally. At the end of sixty hours the Robinson-Power-Kepler 
water diuresis test was performed. The day excretion of urine equalled the night excre- 
tion, and the final equated figure was 23. A sodium determination on serum taken during 
this interval was 310 mg. per cent (the normal blood sodium in our laboratory is 330- 
340 mg. per cent), and the blood chlorides were 478 mg. per cent. During the withdrawal 
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no insulin was given. In a similar manner, our case illustrates a rather 
striking fall in blood sugar and insulin requirement with the institution of 
desoxycorticosterone acetate therapy. There was a marked tendency to- 
ward hypoglycemic reactions previously not present when this drug was 
being administered. It should be emphasized that increased insulin sensi- 
tivity is to be expected in the treatment of the two diseases when desoxy- 
corticosterone acetate is employed. 

Diminution of any magnitude in insulin requirement in diabetes mellitiis 
is unusual, once that requirement has been established. Such a diminution 
should suggest possible intercurrence of Addison’s disease, although similar 
changes may be noted with the onset of liver disease (43), hypothyroidism 
(44), hypopituitarism (45), and congestive heart failure in the diabetic (46). 

SUMMARY 

1. A case of diabetes mellitiis with superimposed Addison’s disease is 
presented. This is the nineteenth such patient reported in the literature. 

2. Carbohydrate and related metabolic alterations have been discussed 
in reference to diabetes mellitiis, chronic adrenocortical insufficiency, and 
the combination of these two diseases. 

3. In contrast to the opinion of many authors, the administration of 
desoxycorticosterone acetate appears to cause definite changes in tlie car- 
bohydrate metabolism. 

4. In the presence of a progressively diminishing insulin requirement in a 
diabetic, the diagnosis of Addison’s disease should be considered. 
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same clinical and laboratory picture eventually prevailed in all. Progress 
of the patient described here illustrates the typical modifications in the 
carbohydrate, metabolism of the diabetic, brought about by Addison’s dis- 
ease. In short, diabetes mellitus is attenuated by the omset of Addison’s 
disease, as Long and Lukens demonstrated experimentally (41). 

The following changes, briefly summarized, noted in our patient and in 
those previously described, are: a) Because glycogeneolysis increases in 
diabetes mellitus and glycogen formation decreases in Addison’s disease, 
both diseases, either separately or together, lower liver and muscle glyco- 
gen. b) Decre.a.'^ed utilization of gluco.se in the ti.ssues is noted in diabetes 
mellitus. This is not true in Addison’s disease and, in fact, .such utilization 
may increase. In combination, those two effects result in a decreased utili- 
zation of glucose which is ju'obably not as great as that found in diabetes 
mellitus alone, c) Although gluconeogenesis increases when the two dis- 
eases occur together, it is not enhanced to the extent that it is in uncompli- 
cated diabetes mellitus (37). 

Clinically, these basic proces.ses are manifested by: a) decrease in blood 
sugar level and decrease in glycosuria with the onset of Addison’s disease; 
b) progressive decrease in the amount' of insulin necessary for adequate 
control of the diabetes mellitus, and increased insulin sensitmty; and c) 
hjTDOglyceraic reactions at higher levels of the blood sugar. 

Kendall (38) has established the relative values of the chemical fractions 
of the adrenal cortex related to carbohydrate metabolism. The most im- 
portant of these are: a) ll-dehydro-lT-hydrox^'corticosterone (Compound 
E); b) ll-dehydrocorticosterone (Compound A); and c) corticosterone 
(Compound B). At present, desoxycorticosterone acetate is the only ad- 
renal steroid commercially available. In most cases, it gives adequate con- 
trol when there is a high carbohydrate intake. It has been generally as- 
sumed that desoxycorticosterone acetate has no effect upon carbohydrate 
metabolism in chronic adrenocortical insuflBciency. However, Loeb (42) has 
noted that hjqjoglycemia appears to occur more frequently in patients 
treated with salt and desoxj’-corticosterone acetate than in untreated pa- 
tients. Bloomfield (10) has conclusively demonstrated that the blood sugar 
(fasting) decreases in the combination of diabetes mellitus and Addison’s 
disease from a range of 188-76 mg. per cent to a range of 74—50 mg. per 
cent, when the patient is recehdng 5 to 25 mg. of desoxj’^corticosterone ace- 
tate daily. In liis patient this process could be repeated at will bj’- with- 
drawal and reinstitution of the sjmthetic hormone. The insulin require- 
ments of Bickel’s case (13) dropped from PZI 50 units to PZI 10 units at 
the onset of Addison’s disease and, with administration of desoxj^cortico- 
sterone acetate, the patient showed complete freedom from glj’^cosuria when 
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not be palpated. Genital development and secondary sexual characteristics, such as hair 
distribution, were normal. 

Several hypoglycemic crises with the blood sugar between 30 and 47 mg. per cent were 
observed. With carbohydrate and protein-rich meals given at short intervals (not longer 
than three hours) these crises were prevented. Sugar tolerance tests (Exton-Rose and 
five-hour blood sugar curve) gave results similar to those found in hyperinsulinism 
(Figs. 1 and 2). 



Fig. 1. Exton-Rose sugar tolerance test, before operation. 



Fic. 2. rrnioni;f't! five-hour stmar tnleranvi- to-t, before operation. 
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T he most frequent disturbance in carbohydrate metabolism observed 
in cases of corticoadrenal tumor is a diminislied tolerance to glucose, 
with luTicrglycemia. It is therefore interesting to record a case of cortico- 
adrenal tumor in which tj'pical hypoglycemic crises occurred repeatedlj’’, 
without any other sign of Addison’s disease. The clinical diagnosis was 
hyperinsulinism, thought to be caused by a pancreatic new growth, but the 
large tumor removed at operation was revealed by the pathologic examina- 
tion to be a corticoadrenal tumor of embrj’onic tj-pe. The thjToid, the liver 
and the spleen were enlarged, and bilateral gj’necomastia was present. 

A preliminary report of this case was published in December 1947 (1). 
Later Broster and Patterson (2) reported a case of corticoadrenal tumor in 
a young female with intense virilization and In'poglj'cemic crises; but no 
mention is made of enlargement of the thyroid, liver and spleen. 

CASE REPORT 

A. N., was a 25-year-old, single, house painter. Two months before coming to our 
attention, being in apparenth- normal health, he could not be awakened one morning. 
The doctor who was called found him bathed in sweat, more or less awake, and mentally 
confused. Sweetened orange juice was given and he rapidly recovered. A similar crisis 
occurred before breakfast four or five times at increasingly shorter intervals. Determina- 
tions made during the crises showed blood sugars below 30 mg. per cent, and a rapid re- 
turn to normal after injecting glucose solution. The first morning in the hospital he was 
awakened with difficulty and was mentally confused, excited, stammering incoherentlj' 
and sweating profusely, the blood- sugar was 24 mg. per cent. A few minutes after the 
ingestion of sweetened milk he was again normal. 

Physical examination revealed a diffusely enlarged and hard thjToid, -without signs 
of inflammation. The patient had noted this enlargement four months before the date 
of examination. There was moderate, painful, bilateral gynecomastia. The liver was en- 
larged, its lower border being palpated 6 cm. below the ribs: its surface was smooth and 
painless on palpation. The spleen was enlarged on percussion and the lower pole could 
be felt on palpation. In the right flank a tumor the size of a large grapefruit -with a 
lobulated, irregular surface, was felt. Its upper extremity could not be clearly separated 
from the liver; its posterior aspect was in contact -with the lumbar region and it followed 
the respiratory movements. It appeared to be an enlarged kidney. The left kidney could 
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caused by a tumor situated outside the gastro-intestinal tract, which was otherwise 
normal. 

The patient was operated on under ether anesthesia. The pancreas was carefully ex- 
plored and found to be macroscopically normal. No aberrant pancreas was found. The 
liver was enlarged and the kidneys were apparently normal. A large tumor adherent to 
the right kidney was removed together with the kidney (Fig. 3). 

Postoperative course: The patient made a good recovery. Desoxycorticosterone acetate 
(10 mg.) was injected as a precaution against acute corticoadrenal insufficiency and sa- 
line and glucose were injected by the drip method. 

From the third day on, the blood pressure remained stable at the normal level. The 
blood sugar did not fall below 100 mg. during the first forty-eight hours, and remained 
normal after glucose injection was discontinued on the sixth day. Hypoglycemic crises 
did not occur after operation. 

The thyroid commenced to decrease immediately after the operation, was reduced to 



Fig. 4. Prolonged five-hour sugar tolerance test, after operation. 


half its size and was much softer by the sixth day. Gynecomastia also retrogressed; i>y 
the sixth day it had disappeared completely on the right side and was con.sideralily 
reduced on tlic left side. Two weeks later the patient left the hospital in excellent con- 
dition. 

Deep radiotherapy was given over the area previously occupied iiy the tumor. 

Two months after leaving tlie hospital the patient came in for a complete e.xamina- 
tion. The thyroid was considerably reduced in size and hardness. Gynecomastia had 
disappeared completely. The liver and spleen remained enlarged but at a later examina- 
tion performed after another interval of three months, those organs had returned to the 
normal .'=ize. The patient was again carcfull.v examined every three months up to two 
voar.s after the operation, during wliich time he lias remained without relapse and in 
all rcsjiects is ajiparently normal. The sugar tolerance curve (Fig. 4) confirmed the 
complete recovery. 

I'nOtologir cxaminnlirui: \ rapid microscopic examination of the tumor made during 
the operation showed it consisted of malignant, atypical tissue, but <lid not iiermit the 
identiheation of its origin. 

The tumor luo! an ovoid form. 20 xOxl 1 cm. It formed a single mass, att.ached to the 
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Tlie urinary oxorction of IT-krtostoroids was 23.2-1 nig. jicr day. Tlic hippuric acid 
tc.st (intravenous) showed an exeretion of 1 gram. Rlood eliolcsterol was 100 nig. per 
cent and tlie |iro(Iironil)in test jilasnia clotting time was 1 1 .seconds. Tlie basal metabolic 
rate was plus 13 jicr cent and the elcetroeardiogram was normal. 



Fig. 3. Section of the tumor, showing its relation to the kidney. 

A complete x-ray examination was made. The sella turcica was normal. The urinary 
tract was explored bj' injection of a contrast substance. The right renal pehds and ureter 
were found to be displaced towards the midline. The pehns on each side was deformed, 
the calices were lengthened and abnormally separated as is seen in cases of pol 3 'cystic 
kidneJ^ The renal shadows were enlarged. The results of intra-ureteral injection con- 
firmed these findings. The stomach and duodenum were found displaced towards the 
left and the right angle of the colon was at a subnormal level. This displacement was 



260 JUAN JOSfi STAFFIERI, OSCAR CAAIES AND JOSfi M. CID Volume 9 



Fig. 0. Cavity formed in a dense zone. Note continuity of tlie cells in this zone with the 

lax perivascular tissue. X400. 



I’ui. 7. SliL;htly reticulated sarcomatoii.' .structure. XOOO. 
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kidney, but witliout inv.idinp the rciud parciirliym-.i. It wus covered by lax, richly vascu- 
larized membranes. In section it showed a pale pink, smooth, soft, elastic surface, with 
small yellow opaque zones, and star-shaped areas of sclerosed tissue, distributed irregu- 
larly throughout the tumoral mass. The surface secreted abundant mucus. 

Microscopic examination; “Under low power the tissue of the tumor is seen to be 
continuous, interspersed with numerous cavities of flilTcrcnt size and shapes. There are 
also zones where the cells are more closely packed (Eig. .5). Under high power the con- 
tinuity of the mcscnchymatoiis and c])ithclial cells is evident (Fig. G). 



Fig. 5. Low power photomicrograph. In the center a dense zone, surrounded by lax 
structures. Several ca^dties are visible. XlOO. 


The tumoral parenchj'ma has no precise limits; it forms extensive diffuse zones, or 
else small rounded ones which occupy a single microscopic field. A tjqjical feature of the 
tumor is the unequal distribution of the cells; in parts these are closely packed, while in 
others there is a lax structure with the cells wideb' spaced. The dense parts occupy the 
center and the lax ones the periphery of the neoplastic areas; there is no clear cut separa- 
tion between the two and the latter are apparently transformed into the former in the 
course of development. 

The lax structure is continuous with the connective tissue, and the cells of both 
intermingle. The perivascular fibrocytes in these areas, as they increase in numbers, 
become rounded and their nuclei are more loaded with chromatin. Thus cells are formed 
which still retain the fundamental features of fibroblasts and have some cji:oplasmic 
reticulation (Fig. 7). Graduallj’’, without any definite zone of separation, the lax areas 
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merge into condensed areas where the cells arc separated only by the clefts of sinusoids. 
The inescnehyinatons cells are transformed into the epithelial tumoral cells. Rcticulin 
gradually disappears as the cells take on epithelial characters (Fig. S). 

In other parts the nuclei of the tumoral cells increase in .size, the cytoplasm becomes 
roiindcd and the cells arc separated, a])i>earing as spheric elements with little cytoplasm. 
In the center of these areas the dissociation of the cells is more marked and cavities arc 
formed (Fig. G). 

The dense parts also show a process of ai)parcnt “.vanthclasmatization” in some of the 
cells. There arc easily recognizable accumulations of polyhcdric or spheroid cells with 
abundant protoplasm, which is finely and evenly vacuolated. The nuclei are frequently 



P3’knotic, with no nucleolus, and are sometimes situated in the center and at other times 
in the peripherj' of the cell (Fig. S). These spongiocjdes are found usualR’ in the center 
of the condensed areas. The}' are in direct contact with a sinusoid or with the lumen of a 
ca\itj', forming part of its wall. The size of the spongiocj-tes varies; sometimes multi- 
nucleated cells of large size are found. The vacuolae contain lipids which stain with 
scarlet red. 

Cavities: There are two tj’pes of cavities. Some are simple spaces in the tumoral mass 
without anj' change of structure in their i-icinitj'; thej’ are of different sizes and numerous 
enough to give a spongj' aspect to the tumor. Thej' are filled with mucus and are appar- 
entlj' due to chemical alterations in the collagenous substance of the stroma. Cai'ities 
of the other tj-pe are usuall}' larger and of irregular contour. Thej' are found isolated or 
in groups, and are formed in the dense parenchj'ma bj' dissociation of the cells, which 
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there are sarcomas of corticoadrenal origin. Adami and Wooler (cited by 
Ewing) described carcinosarcomas due to cellular anaplasia provoked hy 
local factors. We have not been able to consult the originals of these older 
publications, but more recent ones (1936, 1942) by Cahill and his associ- 
ates (4, 5), do not report any sarcomatous tumors of the adrenal cortex. 

The continuity of the parenchyma and stroma of the tumor here reported 



Fig. 12, In the upper half rcticulin is evident, in the lower half where the cells arc more 

densely packed there is no rcticulin. X400. 

made it appear at first as a sarcoma made up of round and .spindle-shaped 
cells. Further e.xamination of the dense areas and the cavities in their midst 
showed the epithelial nature of the cells and the gradual transition of the 
stroma into the epithelial cells. The mesenchymatous origin was thus 
clearly established. The corticoadrenal nature of these cells was shown by 
finding what at first .seemed a proce.ss of “xanthelasmatization,” but was 
found to be really the transformation of the cells into spongiocytes loaded 
with lipids, 

Tlic sarcomatous nature of the tumor imlic.ates that its origin should 
not ho looked for in adult corticoadrenal cells, but in an embryonic fi.'^siie 
capable of development anil differentiat ion. The inlerpretaf ion of the hislo- 
loiric asjiect as that of a tumor origiiiating in adult corticoadrenal tissue 
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form part of tlic wall of the cavity and sometimes fall into it. The cavity is filled by an 
albuminoid sub.'slance, weakly acidophilc. There arc also fnchsinoiihile crystalloid forma- 
tions within the cavity (Fij;. 6). 

Spongioplasm: Silver staining for reticnlin shows the existence of filaments in the 
parenchymatous cells, specially developed in the more dense parts and in the cells of 
the walls of the cavities. These filaments extend into cytoplasmic processes of the cells 
which arc not visible with other stains. This formation is the spongioplasm of the cell 
which increases as the cell takes on an epithelial asjicct (Fig. 10). 




Fig. 11. Reticulin in a dense zone (Perdrau). X400. 


Stroma: The stroma of the tumor is formed by the perivascular connective tissue, the 
reticulin in the dense areas, and numerous foci of sclerosis caused by involution of the 
parenchj'ma. The stroma is abundant in the lax areas; it is formed by fine bundles of 
collagenous fibers and a large number of reticulin fibers. In the denser parts of the tumor 
there are no collagenous fibers, only a fine network of reticulin (Fig. 11) which disappears 
in the areas of maximum condensation and epithelization (Fig. 12). 

There are ordinaiy capillaries and sinusoids in the tumoral mass. Hyaline degenera- 
tion of the capiUary^ walls occurs, in many places, especially near the sclerotic foci.” 


DISCUSSION 

Ewing (3) refers to three cases of sarcoma originating in the cortico- 
adrenal epithelium, described by Winkler, but gives no bibliographic refer- 
ence. The same author quotes Rolleston and IN'Iarks’ (1898) opinion that 
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accumulation of glycogen in the liver, has been demonstrated by Seckel 
(19), and Corey and Britton (20). 

We have no data on the glycogen content of the liver in our patient, 
but perhaps hepatomegaly was caused by an increase in the glycogen 
content, as is observed in Von Gierke’s hepatic glycogenosis. 


SUMMARY 


A case of a young man suffering from repeated hypoglycemic crises is 
reported. There was also thyroid hypertrophy, gynecomastia and enlarge- 
ment of the liver and spleen. A large tumor was found in the right renal 
fossa and was removed surgically. The hypoglycemic crises did not recur 
after the operation and the other disturbances rapidly disappeared. 

The tumor was classified as a sarcomatous dysembryoplasia with func- 
tional differentiation, because cellular elements were found which showed 
the transformation of embryonic stroma cells into epithelial spongiocytes 
loaded with lipids. 
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which suffered anaj)histic regression lo an cmbiyonic type, cannot be ac- 
cepted because of (he continuity of the stroma and parcnchjuna, a feature 
which is not observed in a typical epithelial tissue. Furthermore it must be 
considered as a tumor of low malignancy, since it did not invade the kidney, 
nor produce met asl ases. 

From the pathologic point of view the tumor in our patient can he 
classified as a ‘'sarcomatous dy.scmbryoplasia with corticoadrenal differ- 
entiation.’’ Unfortunately it was not po.ssible to study the hormonal 
content of the tumor, uor lo determine the urinaiy excretion of estrogens 
which might have cidightcncd us as to the mechanism of the goiter and 
gynecomastia observed. 

It is interesting to note that gynecomastia has been reported in patients 
treated with ma.ssive doses of insulin (G) and in cases of Addison’s disease 
in which the patients were treated with corticoadrenal extracts, the mam- 
mary gland returning to the normal condition when treatment was dis- 
continued (7) (S). Several cases of gynecomastia due to adrenal carcinoma 
have been reported and "Wilkins (9) has recently added another and re- 
viewed the literature. 

With respect to the goiter observed, it is useless.to speculate on the effect 
the enlargement of the thyroid may have had on the carbohydrate metab- 
olism in our patient, because there were no symptoms of a disturbance in 
thjToid function. What effect, if any, the alteration in carbohydrate metab- 
olism ma}’’ have had on the thyroid, cannot be stated. The onl}-- reference 
in the literature that may be pertinent is the fact observed by Bennett,- 
Koneff and Applegarth (10) that rats with alloxan diabetes have thyroid 
lypofunction, with significant reduction in the weight of the thjuoid. In 
our patient the hj-poglycemic condition may have had the opposite effect, 
i.e., the enlargement of the thjToid; but we have not found anj’- experi- 
mental data on the effect of h3T50gl3’^cemia on thjToid weight and function 
to substantiate this (11-16). 

However it should be borne in mind that the patient had a definite sign 
of feminization (gjmecomastia) ; therefore it is possible that the androgen- 
estrogen equilibrium was altered, and this might have had some influence 
on the thjuoid. Unfortunatelj’’ there are contradictor^^ data in the literature 
on this point (17). 

Long and his associates (18) have reported that corticoadrenal extracts 
increased the glj'-cogen stored in the liver, in spite of a rise in blood sugar, 
in fasting normal and adrenalectomized rats and mice; there was a simul- 
taneous rise in the urinary excretion of nitrogen. Therefore it seems that the 
adrenal cortex can accelerate the conversion of protein into glj’-cogen. 
Inhibition of glj^cogenolj^sis by corticoadrenal extracts, with subsequent 
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From the Department of Obstetrics, Syracuse University Medical College, 

S^jracuse, A^eiv York 

T he primary function of chorionic gonadotropin in the human female 
would seem to be that of a luteotropic hormone. Parenteral adminis- 
tration of chorionic gonadotropin to normal women results in the increased 
function of the corpus luteum (1, 2). During the so-called “ovarian phase” 
of pregnancy, very high levels of this material have been found (3, 4). 
It is probable that this high level of chorionic gonadotropin stimulates the 
corpus luteum to secrete amounts of steroid hormones adequate to maintain 
the pregnancy. 

It has been shown that many pregnant women who subsequently abort 
have low excretion rates of this material (3, 5) and of pregnanediol (6). 
It would seem that a rational method of treatment of threatened abortion 
would be to administer adequate amounts of chorionic gonadotropin in 
order to supplement the deficient placental secretion. This augmentation 
should stimulate further activity of the corpus luteum. 

Since it has been reported that from 10,000 to 20,000 international units 
of chorionic gonadotropin must be given in a single injection to cause 
enough material to appear in the urine to produce a positive Aschheim- 
Zondek test (1), it is probable that large amounts of chorionic gonadotropin 
must be used to raise the gonadotropin level to the range found in normal 
pregnancy. This report concerns an attempt to determine the most effective 
means of maintaining a high level of circulating chorionic gonadotropin. 


rnocEDUiiE 


Chorionic gonadotropin (APL)d in aqueous .solution was given in .single 
intramuscular injections to 8 cyclically menstruating women. The first do.sc 
tested was always 5000 I.U. In several patients excretion following differ- 
ent doses was .mbsequently studied. Five thousand I.U. of the same materi- 
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in others the material was present in the first period of collection after 
injection. The average time before appearance was five hours. 

Patient #7, who excreted large amounts of the material following injec- 
tion of 5000 I.U. on two different occasions, excreted no detectable gonado- 
tropin after injection of 4000 I.U. Patients #1 and #2 excreted no gonado- 

Excretion of Gonadotropin follovdng One Intramuscular Injection 
of Chorionic Gonadotropin 



Fig. 1. Each bar represents the period during which cliorionic gonadotropin was 

present in tlic urine. 

tropin after receiving 5000 I.U. Patient #2 was injected at two different 
times with 5000 I.U. and no gonadotropin could be detected in her urine 
after either injection. When she received GOOO I.U. she excreted gonadotro- 
pin for 24 hours after a 3G-hour latent period. 

Serum from patients «1 and jf4 was tested for gonadotropin. None was 
detectable at a level of 50 rat units per 100 cc. (2 cc. of .<^erum injected into 
each of 2 rats), although in patient f4 considerable gonadotropin was 
jircscnt in the unconcentrated urine. 

Two menopausal women, one a castrate and the other having a physio- 
logic ovarian failure, excreted no gonadotropin after a single injection of 
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al dissolved in 1 per ecid beeswax was inicctcd at another time to 3 of these 
patients and to 2 others. The duration of pcr.^^istencc of chorionic gonadotro- 
pin in the urine was compared following injection of the gonadotropin in 
these two difTcrent solutions, liixcretion of gonadotropin after injection of 
cliorionic gonadotropin in water solution was also studied in 2 post- 
menopausal women. 

A thorough clinical study was made of each patient Ijefore injection. 
All had kept dailj' basal temi)eraturc records and endometrial biops}*^ 
specimens had been taken for several months before the administration of 
the gonadotropin and were repeated following the injection of this material. 
The endometrial pattern was not altered significantly by the single injec- 
tion of this material in any of the patients. Neither of the two postmeno- 
pausal women liad had any evidence of spontaneous ovarian activity for 
over two years. 

Control urine specimens on all patients consisted of three concentrated 
morning specimens collected before and including the morning of injection. 
Following the injection, all of the urine was collected in eight-hour or 
twelve-hour aliquots. Each aliquot was tested for the presence of chorionic 
gonadotropin until several consecutive specimens had failed to contain 
detectable amounts of the material. The presence of chorionic gonadotropin 
in the urine was determined by the hiTreremia response of the immature 
rat ovarj'. Details of procedures as employed in our laboratory have been 
published p^e^•iousl 3 ’■ (5). One hj-peremia unit is equivalent to approximate- 
ly 3 I.U. of chorionic gonadotropin. 

Twenty-four hour excretion of gonadotropin by 6 pregnant women who 
were threatening to abort was studied before and following injection of 
chorionic gonadotropin in daily doses of from 5000 to 20,000 I.U. in aqueous 
solution. 


RESULTS 

Excretion of injected chorionic gonadotropin by nonpregnant women 

The excretion of gonadotropin is expressed schematicall 3 ’- in Figure 1. An 
explanation of that figure is as follows: 

Aqueous solution: Ten recovery experiments following a single intra- 
muscular injection of 5000 I.U. of chorionic gonadotropin in aqueous solu- 
tion were performed using 8 cj’^clically menstruating women as subjects. 
Gonadotropin was recovered in the urine of 6 of the 8 patients injected 
with this dose. 

The average period that the material was present in the mine was 39 
horns, with a range of from 0 to 80 hours. In some of the subjects, the ma- 
terial did not appear in the urine for twelve hours after injection, whereas 
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those receiving it in beeswax. The total length of time that it is present in 
the urine is only slightly longer following administration of the beeswax 
solution. It is possible that the slower rate of absorption of the beeswax-in- 
oil solution may result in more effective blood levels of chorionic gonado- 
tropin, but the difficulty of estimating the blood gonadotropin renders it 
impractical to make direct measurements, so that this point must remain 
in the realm of conjecture. In our hands, the administration of relatiA^ely 
large amounts of the material in aqueous solution has not been accompanied 
by more than slight tenderness and no systemic reactions have occurred. 



Fig. 2. Excretion of gonadotropin by a pregnant woman witli a threatened abortion. 


The beeswax-in-oil solution almost always causes considerable local re- 
action, and in one patient of the five injected, a febrile reaction lasting 
two days occurred. 

The proportion of injected gonadotropin recoverable in the urine is 
considerable. For example, in one experiment gonadotropin Avas detectable 
in the urine of patient #7 for 84 hours. During this time, gonadotropic 
material equivalent to 530 rat hyperemia units was excreted. A rat hyper- 
emia unit is equivalent to approximately 3 international units. Therefore, 
gonadotropic activity of over 1500 I.U. was recovered following the in- 
jection of 5000 units intramuscularly. 

The excretion by the normal female after injection of chorionic gonado- 
tropin of as much, if not more, gonadotropic material than is excreted by 
patients with inactive ovaries does not support the hypothesis arlvanccd 
by .Tungck, Heller aiui Nelson (0) that the ovaries normally inactivate 
gonadotropins. This does not constitute evidence against their hyiiothesis. 
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5000 LIT. Each patient then received an injection of 6000 I.U. Only one 
of them excreted gonadotropin after this injection. 

Bccsirax snlution: Injection of 5000 I.U. of chorionic gonadotropin in 
beeswax was followed by its appearance in the nrine of all 5 patients. 
There was a latent period in all varying from 12 to 42 hours before the 
material apiieared in the urine. The average latent period was 25 hours. 
The material was present in the urine for an average of 47 hours, with a 
range of from 24 to 72 hours. 

Each of the 5 patients receiving beeswax complained of local soreness. 
One patient (=G) developed a fever of 102°F for two days following injection 
of the beeswax solution. 

Plasma vitamin C: Becau.se of the probable importance of vitamin C in 
steroid hormone synthesis and the change of plasma vitamin C levels 
in cattle (7) following gonadotropin administration, plasma vitamin C 
levels" were determined on patients §1 and =4 before and after injection of 
chorionic gonadotropin. Before injection, average values for patient #1 
were 1.26 mg. per cent and for patient #4, 1.3 mg. per cent. These values 
indicate that there was no deficiencj' of vitamin C. No change occurred 
following gonadotropin injection. 

Excretion of injected chorionic gonadotropin by pregnant women 

Chorionic gonadotropin was administered to 6 women early in pregnancj’’ 
whose titers of urinary gonadotropin excretion were lower than normal and 
who were threatening to abort. It was found that the excretion rate could 
be raised to the normal range when adequate amounts of chorionic gonado- 
tropin were given parenterallJ^ The amount necessarj" to increase the 
excretion was usually about 10,000 I.U. daily, although in some patients 
5000 I.U. daily caused a definite rise in urinary gonadotropin. Figure 2 
shows the tjqjical response of the urinary chorionic gonadotropin of a 
pregnant woman injected with the aqueous solution. A low excretion rate 
is raised to the normal range during administration of the material and 
then again returns to the low range when administration is stopped. 

DISCUSSION 

The administration of one intramuscular injection of 5000 I.U. of 
chorionic gonadotropin is followed in most patients by excretion of gonado- 
tropic material in the urine for appreciable lengths of time. Those indi\'id- 
uals ^ecei^^ng the material in water begin to excrete it much sooner than 

- Determinations of ^ntamin C were performed at the suggestion of and in the labo- 
ratory of Dr. S. J. Tepperman. The method used was that of Roe and Kuether (8). 
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since even u vigorous inactivation of gonadotropin by the ovary probably 
would result in a decrease in amount of gonadotropin too small to be ap- 
parent when rouglily quantitative techniques such as the method employed 
in this study are used. 

The failure to demonstrate a change in plasma ascorbic acid following 
gonadotropin administration docs not necessarily indicate that none of the 
vitamin C is utilized by the gonad in steroid .synthesis. If this vitamin is 
employed, the amoimt used probably is minute compared to the supply 
available within t he body so that no change would be detectable under the 
conditions of this experiment. 


SUMMARY 

1. A comparison has been made of the persistence of chorionic gonado- 
tropin in the urine of normal women after injection with aqueous and with 
beeswax-in-oil solutions of chorionic gonadotropin. 

2. A slightly longer duration of excretion of gonadotropic material was 
detectable following injection of the bee.swax solution as compared with 
the aqueous solution. The beeswax solution injection was followed bj' a 
longer interval before appearance of the gonadotropin in the urine, sug- 
gesting a slower rate of absorption. Local systemic reactions were frequent 
following beeswax injection; no reactions followed aqueous solution in- 
jection. 

3. No change in plasma vitamin C level occurred following injection of 
chorionic gonadotropin. 

4. Excretion of gonadotropin by pregnant women can be increased by 
parenteral administration of chorionic gonadotropin.^ 
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and before dinner (group C). A final group of 16 patients was successively 
treated by diet alone, diet and thyroid medication, and diet and ampheta- 
mine medication (group D). 


Low calorie diet without any medication {Group A) 

This group consisted of 132 patients — 18 men and 114 women. The age 
varied from 13 to 76 years, and the average age for the five weight classes 
ranged from 45 to 58 years. It was of interest that individuals over 70 were 
present only in weight classes I and II. The upper age limits in classes III 


Table 1. Treatment with Diet Alone (Group A) 


Weight 

class 

Over- 

weight 

% 

Age in years 

Sex 

Total 
No. of 
indi- 
viduals 

Average 
duration 
of treat- 
ment in 
months 

Average 
total 
loss of 
weight 
(pounds) 

Average 
loss of 
weight 
per 

month 

(pounds) 

Range 

1 

Average 

Male 

Female 

I 



58 

9 

39 

48 

11.7 

6.2 

0.5 

“ i 

21-40 

22-72 

1 ! 

53 

5 

38 

43 

10 

10.4 

1 

III 



47 

4 

27 

1 

31 

5.5 

7.8 

1 .2 

IV 

Gl-80 

26-55 

45 

0 

■ 6 

6 

5.5 

15.04 

2.8 


over 80 

38-67 

46 

0 

4 

4 

5.5 

12.25 

2.2 


to V were 55 to 67 3^ears. Although only comparatively small numbei's of 
individuals were represented in classes IV and V, the general impression 
was that liigher degrees of obesity, as is well known, affected longevit^L 

The treatment of this group consisted exclusively of a 1200 caloric diet. 
The comparatively high protein content of the diet (at least 100 Gm.) 
was stressed previous!}' (1). 

The loss of weiglit in the various weight ranges sliowcd considerable 
fluctuation. The average monthly loss of weight was 0.5 lb. in class I, 
which gradually increased to 2.8 lbs. in class IV and decreased slightly to 
2.2 lbs. in class V. Despite the slight discrepancy of class V, which included 
only 4 cases, the impression was that with higher initial overweight there 
was a higher average monthly los.s of weight. A detailed presentation of 
these data is given in Table 1. 


Low caloric diet in combi nation with thyroid medication (Group Ji) 

This group included 61 jiatients— 2 men and 50 women. The age varied 
from 15 to 63 years, and the average age for the five weight classes ranged 










































RESULTS OF PROLONGED MEDICAL TREATMENT 
OF OBESITY WITH DIET ALONE, DIET 
AND THYROID PREPARATIONS, AND 
DIET AND AMPHETAMINE* 
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From the Xnirition Clinic oj the Medical Service of the Mount Sinai 
Hospital, A'cir- I'orZr, X. Y. 

T his study presents the results of the treatment of obesitj' under 
controlled conditions' in the Nutrition Clinic of a large general hospi- 
tal during an observation period of five and one half years. It includes 299 
patients — 27 men, 272 women. ^Moderate uncomplicated hjTpertension 
without evidence of heart failure was present in about 25 per cent of the 
group; other forms of cardiovascular disease as well as diabetes were ex- 
cluded. Each patient remained under regular observation b}- the same 
physician at intervals of one to four weeks throughout the entire period 
of treatment. 

The patients were classified according to age, sex and degree of over- 
weight before treatment was initiated. Class I represented those with an 
overweight of 1 to 20 per cent; class II, 21 to 40 per cent; class III, 41 to 
60 per cent; class IV, 61 to SO per cent; and class V, over 80 per cent. The 
majority of the patients were in classes II and III. Ideal weight was esti- 
mated b}*- the usual standards of sex, age, height and weight from tables of 
the Life Extension Institute. 

Treatment in 132 patients consisted of a low calorie diet of approximateh' 
1200 calories, without any additional medication (group A). In 61 patients, 
a preliminary period of treatment with diet alone was followed by a second 
period during which time the same diet was combined with oral thjwoid 
medication, usually 2 to 3 grains of desiccated thyroid dailj' (group B). 
In 90 patients a preliminary period of treatment with diet alone was fol- 
lowed bj^ a second period of diet combined with oral administration of o to 
10 mg. of amphetamine sulphate twice a daj’" one to two hours before lunch 

Received for publication JuR' 22, 194S. 

* Read b}' title before the Thirtieth Annual Meeting of the Association for the Study 
of Internal Secretions, Chicago, June 18-19, 1948. 

' The patients included in this study were seen in the clinic at regular inter\-als. Their 
heart action, pulse rate, blood pressure and body weight were determined regularly. 
They were given a supply of medicine to cover the interval between visits and on their 
return, an inquiry was made concerning their adherence to diet and their drug intake. 
The procedure was, in this respect, the same for groups A. B and C. 
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3 grains). Special attention was paid to evidences of h}Tpertliyroidism, 
such as palpitation, tachycardia, and increased perspiration. On the whole, 
intolerance to therapy was rarely observed. The average weight loss during 
the diet-plus-thyroid period ranged from 0.4 to L6 lbs and thus was certain- 
ly less satisfactory than during the diet-alone period. Detailed data for loss 
of weight in the five classes are presented in Table 2. 

The addition of thyroid medication under the conditions of this investi- 
gation was of no help in achieving the continued progressive weight 
reduction in later stages of the treatment. 

Low calorie diet in comhination with amphetamine medication {Group C) 

This group included 90 patients — 6 men and 84 women. The age varied 
from 15 to 64 years and the average age for the weight classes I to V ranged 
from 34 to 45 years (Table 3). It is evident that the individuals of this 
group were a few years younger than those of group B and especially those 
of group A. As is known, hypertension limits the use of amplietainine, and 


Table 3. Pheliminary Treatment with Diet Alone and Later 
Treatment with Diet Plus Amphetamine (Group C), 


Weight 

clans 

i ] 

1 Over- 1 
! weight 
% 

! 

Age in years 

Sex i 

1 

1 

Total 
No. of 
indi- 
viduals 

j Diet alone 

Diet plus .amphetamine 

Avcr.ago 
duration 
of treat- 1 
ment in ■ 
months ! 

Average 
total 
los.s of 
weight 
(pound;!) 

Average 
loss of 
weight 
per month 
(pounds) 

Average 
duration 
of treat- 
ment in 
months 

Average 
total 
loss of 
weight 
(pounds) 

Average 
loss of 
weight 
per month 
(pounds) 

Range 

Aver- 

1 

i ago 

Male! 

Fe- 

male 

I 1 

j 1-20 

^3l-G4| 


i ' 1 

i 18 ! 

19 1 

! K O 1 

1 i 

1 I.S 

0.3 

3.S 

4.2 

1 

1.1 

II 

21 -‘10 

i 15-64 

mm 

4 : 

m 

1 30 1 

1 t 

2.4 

4.2 

1 

1.7 1 

4.C 

s,i 1 

1 I.S 

in 

41-GO 

! 10-59 I 

/ 1 

30 

! 1 

22 

! 23 

1 !•“ 

1 1-8 1 

1.5 ! 

0.7 1 

10.2 j 

1 .7 

IV 

j Gl-SO 

25-47 

1 38 

0 ! 

7 

! ■ i 

I 2 •2 1 

! 4.2 1 

1.9 j 

2.7 j 

•'* 1 

1.1 

V 

lover so! 20-40 

1 } 

34 

0 

6 

5 j 

1 1.9 

1 .9 

1 1 

11.75 [ 

19.0 j 

1.7 


the observation of this principle restricted the selection of patients in 
group C to lower age groups. 

All patients of group C were treated at first with a 1200 calorie diet for 
1.2 to 5.2 months. The average monthly loss of weight during this time 
varied from 0.3 to 1.9 lbs. Compared with the results in the diet-alone 
periods in group A and B the response to diet therapy alone in group C was 
satisfactory. 

The preliminary period of diet alone was followed by a second period of 
2.7 to I I.S months during which time the same diet was combined with oral 
administration of 5 to 10 mg. of amphetamine sulphate twice; daily, one 
to two hours before lunch and before dinner. 
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from 30 to 47 years (Table 2). Compared with the previous group, this one 
was composed of somewhat younger individuals. The age difTerence, which 
is still more pronounced in group C, is explained by the .selection of pa- 
tients for the various forms of treatment. Individuals of older age groups 
frequently presented clinical contraindications for the use of thyroid or 
amphetamine medication and had, therefore, to be excluded from groups 
B and C. 


T.\blk 2. Pkelimix.^iiy TnE.\T.MEXT WITH Diet Ai.oxe and Later 
Treat.ment with Diet Plus Thyroid (Group B). 


Wclpht 

cla*« 

Over- 

wcUht 

% 

A;;c in years 

Sex 

Total 
No, of 
indi- 
\*tdu.als 

Diet alone 

Diet plus lh>Toid 

Avemcc 

duration 
of treat- 
ment in 
montlk^ 


Averace 

Io?« of 
wclchl 
per montli 
(pounds) 

Averace 
duration 
of treat- 
ment in 
montlis 

.Avcrace 
total 
loss of 
TTciebt 
(pounds) 

Averace 
loss of 
weight 
per month 
(pounds) 

Hance 

Aver- 

acc 

M.,. 

Fe- 

male 

I 

1-20 

34-5G 

47 

0 

12 

12 

2.2 

3.1 

1.3 

C.l 

2.3 

0.4 

II 

21-iO 

I5-C2 

43 

1 

14 

15 

3.6 

■a 

1.2 

5 

4.4 

0.9 

III 

41-CO 

I9-C3 

46 

n 

m 


■B 

■B 

■B 

5.5 

3.5 

0.6 

IV 




I 

b 

9 

4.6 

2.6 

0.6 

6.7 

5.5 

0.9 

Y 

over Soj 32-57 

40 

0 

4 

m 

3.6 

9.1 

2.5 

6.3 

10.4 

1.6 


All patients of this group were treated at first by diet alone, approximate- 
l}' 1200 calories, for a period of 2.2 to 4.6 months. The average monthl 3 ' 
loss of weight during this time varied from 0.6 to 2.5 lbs. The pattern of 
weight loss for the various weight classes, however, is different from that 
in group A. The average monthlj"^ weight loss in group B was almost identi- 
cal for the weight classes I, II, III (1.2 to 1.3 lbs), decreased considerablj^ 
in class IV (to 0.6 lb) and rose to the peak of 2.5 lbs. in class V. Because of 
the small number of individuals included in weight classes IV and Y no 
definite significance can be attached to the results in the latter two classes. 
IndiAuduals of weight classes I to III of group B showed a better response to 
diet alone than those in group A. The absence from group B of very old in- 
di\dduals (whose cooperation as a whole was less satisfactory' than that of 
younger indi^dduals) may offer an explanation for this observation. It was 
frequently noted that men and women over 60 had resigned themselves to 
their obesity and showed lack of cooperation and indifference. 

The preliminary period of diet alone was followed by' a second period of 
'5 to 6.7 months during wliich time the same diet was combined with oral 
administration of 1 to 4 grains of desiccated thyuoid daily' (usually' 2 to 
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decreased later to 0.3 to 0.4 lb. Finalb^^, in group G, the average montlil}" 
weight loss during the initial period was 3 to 3.3 lbs and dropped later to 
0.7 to 2.1 lbs. Only weight classes I, II and III were used for this analysis 
since the majority of the individuals were included in these three weight 
classes. 


Table 4. Preliminary Treatment with Diet Alone and Later Treatment 
WITH Diet Plus Thyroid or Diet Plus Amphetamine. 



Group A 

Group B 

Group C 

Diet alone 

Diet plus thyroid 

Diet plus amphetamine 

Overweight 

classes 

I 

1-20% 

II 

21-40% 

III 

41-60% 

I 

1-20% 

II 

21-40% 

III 

41-60% 

1 

I 

1-20% 

II 

21-40% 

III 

,41-60% 

Average 
monthly 
weight loss 
in pounds 
during the 1st j 
to 2nd months 

2.5(9)* 

3.84(11) 

3.32(13) 

2.62(2) 

1 

j 

3.30(7) 

1.52(9) 

3.02(9) 

3.0(14) 

j 

3.3(8) 

Average 
monthly 
weight loss 
in pounds 
during the 4th 
to 20th months 

1.0(22) 

2.15(26) 

1.8(17) 

i 

0.30(7) 

l 

I 

1 1 
i 

0.35(6) 

0.43(9) 

1 

i 

0.68(6) 

2.1(15) 

1.55(10) 


* The figures in parentheses represent tlie number of individuals. 


It is thus evident that the ‘time factor’ played an important role in all 
three weight groups. The initial results were far superior to those obtained 
later. Diet alone compares favorably with diet and amphetamine, whereas 
diet and thyroid was disappointing in the later stages of treatment. It is 
therefore most important in studies of this typo to separate the .short-term 
effect strictly from the long-range results. 


Untoward effects of thyroid and amphetamine medication 

The pharmacology and toxicology of reducing drugs such ns thyroid and 
amphetamine is widely known (2, 3, 4, 5, 0). In our own experience thyroid 
medication rc.sultcd only occasionally in tachycardia or palpitation. 1'hcse 
sym])toms were easily controlled by reduction of the do.-^e or by diseontinn- 

ation of medication. 

In the use of amphetamine sulphate strict medical indications were 
ob.^erved. Nevertheless, occasionally the known side facets .-nch as ir- 
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The average monthly lops of weight during the amplictamine period 
ranged from 1.1 to 1.8 ll)s. The rc.sulls are better than those achieved under 
similar eircumstanccs with thyroid medication in group B. Thus, the con- 
tinuation of a satisfactory reducing regimen over longer periods gave bet- 
ter results with amphetamine than with thyroid medication. However, a 
certain caution is indicated because of the different rate of weight reduc- 
tion observed in the preliminary diet-alone periods in groups B and C. 

Diet alone, did and thyroid medication and diet and arnyhetamine medication 
nsed successively in the same individual {Group D) 

This group included 10 individuals whose age ranged from 20 to 65 years. 
Four of them were in weight class I, 7 in weight class II, 2 in weight class 
III, and 3 in weight class IV. All patients were treated first bj' diet alone 
over a period of 0.75 to 10 months (average 3.S months). In the second 
period desiccated thyroid was added and in the third period, amphe- 
tamine, the same quantit}”^ as used before in groups B and C. The se- 
quence varied with the individuals, as some were first subjected to am- 
phetamine and then to thyroid medication. The thyroid medication was 
administered over a period of 0.5 to 27 months (average 6.8 months) and 
the amphetamine medication over a period of 0.5 to 15 months (average 
3.3 months). Again there were wide fluctuations, but the average figures 
for the four weight classes confirmed the results obtained with larger num- 
bers of individuals in groups A to C. The average loss of weight in the diet- 
alone period in this group was 0.6 lb.; with the addition of thjToid, 0.1 
lb.; and with the addition of amphetamine, 0.9 lb. Thus in the prolonged 
treatment of obesity, diet per se was more effective than diet plus thyroid 
and somewhat less effective than diet plus amphetamine. 

The ‘time factor’ in weight reduction 

Best results were obtained in the first one to two months of treatment 
regardless of the form of therapy used. Tiiis fact was primarilj’- due to the 
greater degree of overweight at the beginning of treatment. In our opinion 
an additional factor was the morale of the patient which was at its best 
during the first one to two months of treatment. In later phases of treat- 
ment less cooperation was encountered. 

It was of interest to compare the initial results obtained with diet alone, 
diet and th^Toid, and diet and amphetamine medication with the later 
results of the same groups and weight classes (Table 4). In group A the 
average monthly weight loss during the initial period of one to two months 
was 2.5 to 3.8 lbs. while in the later course of four to twentj’’ months the 
corresponding figures were 1 to 2.15 lbs. The results were even more strik- 
ing in group B where the initial weight loss varied from 1.5 to 3.3 lbs. and 
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With sedatives and large amounts of fluids the symptoms of intoxication 
subsided in the course of twenty-four hours. 

In our opinion, amphetamine preparations should not be dispensed and 
refilled without a physician's prescription. These drugs should not be used 
routinely in the treatment of obesity. Patients to whom they are ad- 
ministered should be closely observed ( 18 ), 

The discontinuation of medication confronts many patients with rather 
difficult psychologic problems. Obese individuals are as a rule inclined to 
believe, erroneously, that overweight and fatness are caused by factors 
beyond their control. Even unusually intelligent and critical individuals 
are rarely willing to realize and/or admit the importance of overeating in 
their own case of fatness. A smaller group of obese individuals is fully 
aware of the latter factor but lack the energy and the will power necessary 
to adhere to restricted diets and radically to change their eating habits. 
A drug used in the treatment of obesity assumes the role of a fetish protec- 
ting the 'Tmfortunate" individual against the effects of overeating. Its 
prolonged use, however, is loaded with psychologic hazards because it 
confirms the first type of patient in his false ideas, or it supplies the second 
with an "ersatz" morale of limited transitory value. 

The discontinuation then in both types of individuals causes a vacuum 
and leaves them suddenly without these protective mechanisms. Increased 
frustration and depression often result and add a new link to the vicious 
circle: frustration — overeating — increased frustration — more overeating. 

Observations of this sort should make a physician more than reluctant 
in the use of any "reducing" drug in obesity for protracted periods. Because 
of the peculiar psychosomatic set-up, these drugs used as fetishes against 
overeating prevent the average obese patient from the full realization that 
permanently satisfactory results can be achieved only by reducing food 
intake and by no other means. 


SUMMARY 

A group of 209 obese patients treated under controlled conditions in the 
Nutrition Clinic of a large general hospital sliowcd wide fluctuations in tiie 
therapeutic results. In group A, in which only low caloric diets were em- 
ployed. the average weiglit loss increased in proportion witii tlie degree of 
obesity. Diet alone resulted in better woigld reduction than fiict plus thy- 
roid medication (group B), whereas diet plus amphetamine (group ('} 
showed somewhat better results than diet alone. In the latter group there 
were .striking appctite're<lueing effects of amphetamine sulphate wit h con- 
siderable loss of weight. The initial effect often faded under continued ad- 
ministration of the drug so that with the same dosage of arnF)hefamine. 
increased food intake ami weight gain resulted; to avoid tins, in many in- 
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ritability, nervous (ension, palpitation, headaches, insomnia and consti- 
pation compelled us to use smaller doses or to discontinue the drug. 

A rather frequent complaint was dry mouth and often in association with 
it, halitosis. The impression was that, the inhibition of salivation affected 
the bacterial flora of the oral cavity and thus resulted in an unpleasant, 
sweetish odor which was noticed by the patients and their families. One of 
our patients refused the drug on Saturdays and Sundays when she had 
social dates and dances from fear that her breath might be offensive. Other 
patients used chewing gum, “Sen Sen,” and/or cigarettes to camouflage 
the unpleasant breath. It was advisable to stop medication during upper 
respiratory infections in order not to enhance the sensation of drjmess of the 
mucous membranes. Better results were encountered with amphetamine in 
spring, fall and winter than during the hot summer months. A few of our 
female patients preferred not to use the drug premenstrually. In their 
observation the sensation of heaviness and congestion in the lower abdomen 
was enhanced by its use. 

jMuch has been written recently on the etiologj’ of obesity (7) with special 
emphasis on psychologic factors (8, 9, 10). The compulsive appetite is 
considered to be an expression of disturbed emotional life and oral grati- 
fication derived from eating represents compensation for frustration and 
“emotional starvation.” Insecurity, professional disappointment and 
personality defects can be easily compensated by excessive eating. Am- 
phetamine and its derivatives exert their effect not only by suppression of 
appetite but also by a special action upon the central nervous system (11). 

The stimulating effects of amphetamine are noted b}' the patients, who 
occasionally will increase the dose of the drug to amounts detrimental to 
their health, without consulting the phj^sician. This is done because 
increasingly larger doses are needed for the maintenance of the desired 
effects on mood and feeling of well-being. Although toxicity of ampheta- 
mine has been claimed to be minimal, poisoning by accident or uncritical 
use has been reported (12, 13, 14, 15, 16, 17). In our own observ'ation two 
instances of amphetamine poisoning were observed. Thej’^ concerned two 
psychoneurotic women from the private practice of one of us (D.A.) and 
were not included in this stud 3 \ Tliese patients refilled the prescriptions for 
amphetamine sulphate on many occasions without our knowledge and 
gradually, because of depression, raised the dose to 100 mg. per daj^. In 
both instances the results were extreme irritability and restlessness, in- 
somnia, tachycardia and rapid respiration. The diagnosis of amphetamine 
poisoning was later confirmed when we learned of the patient’s admission 
of the abuse of the drug. In both instances acute exacerbations of deeplj^ 
rooted psychologic conflicts might have been additional precipitating 
factors for the use of toxic doses. No serious damage was encoimtered. 
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stances the dose of amphetamine had to be gradually raised. This is in 
agreement, with observations from this hospital in the treatment of dia- 
betes associated with obesity (10). 

Regardless of the form of therapy employed, best results were obtained 
in the first one or two months of treatment. In the later .stages of treatment 
amphetamine proved to be superior to thyroid. Nevertheless, the long- 
term results with diet alone compared favorably with those obtained with 
diet and amjdietamine. It is imperative in studies on weight reduction in 
obesity to separate strictly the .short-term effect from the long-range 
results. The immediate success is usually much better than the ultimate 
re.sult. 

The untoward effects of thyroid and amphetamine medication have been 
discussed. Some individuals developed addiction to amphetamine and a 
warning against the indiscriminate use of the drug is in order. Two instances 
of amphetamine poisoning were observed in psychoneurotic individuals 
who refilled the prescription for amphetamine sulphate on many occa.sions 
and raised the dose to toxic levels. Although no serious complications 
resulted in these cases, amphetamine may cause poisoning bj' accident or 
by uncritical use. 
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the oscillations are due to contractions of the tubes, as the}^ are obtainable 
in patients who have undergone bilateral salpingectomy, as long as there 
exists an outlet for the gas, however small, such as that remaining after 
puncture of the uterine wall with a needle. Stabile considers the oscillations 



Fig. 1. Utero-tubal persufflation curve (cm.) in Case 1 before treatment. 



Fig. 2. Utero-tubal persufflation curve (cm.) in Case 1 after patient 
was treated with desiccated t/iyroid. 


to be due to variations in tlie resi.stance of the uterus and tubes to t he 
passage of a gas, and suppo.ses tliis resi.stance to be direct!}^ related to tlie 
tone of the uterine and tubal mu.scle. Caviglia (10) confirmed Staliile’s in- 
vestigations. Wliichcver explanation be admitterl — contractions of tlie 
tubes (Rubin) or variations in the tone of the uterus and tubes (Stabile) - 
the oscillations are evidently of mu.scular origin. 

In this report we are publishing the kymographic jiersufilat ion curves 
obtained during the po.st menstrual period in 7 myxedematous women be- 
fore and after treatment with desiccated thyroid. 


1 The (ic'sircafed thyroid w;t> j)rcj)ared by I/ibonttorif,-, .Montovidfo: iodiiie 

content, 0.30 Clm. per cent. 



UTERO-TUBAL PERSUFFLATION CURVE 
IN MYXEDEMA. EFFECT OF 
THYROID THERAPY 

J. C. I^IUSSIO FOURNIER, M.D.* akd A. POU de SANTIAGO, AI.D. 

Inslitutc of Endocrinologn, Monlcridco, Uruguay 

I N mA'XGclcmatous patients, anatomic and functional changes take place 
in various organs containing muscular tissue. Thus, to mention but a 
few of the published observations, dilatation of the heart was described bj" 
Zondek (1) in IfllS, megacolon by Schippers (2) in 1929, dolicocolon by 
Crismer (3) in 1947, megaduodenum by Hillemand and Dugu6 (4) in 1947, 
atony of the bladder bj' Evans (5) in 1932. Constipation is a common 
finding. All these disorders disappear with tlie administration of desic- 
cated thjToid. 

Tliese facts led us to investigate the condition of the muscles of the 
uterus and fallopian tubes in patients with mj^cedema. For this purpose we 
used persufflation of the uterus, following the utero-tubal kymographic 
persufflation technic as described by Rubin (6) in 1928. Our apparatus — 
the usual application of which is in the study of the patency of the uterine 
tubes — is similar to tliat of Rubin. It consists of a gas container from wliich 
COj is supplied to the uterine cavity at the constant rate of 60 cc. per 
minute. The gas flows through a special cannula with an encircling rubber 
cone which, when pressed into the external os, ensures a gas-tight joint. 
A manometer is connected on a branch from the piping wliich carries the 
CO 2 to the uterus. The manometer is a U-shaped tube containing mercurj- 
and provided with a scale and a float, the movements of which are registered 
on a chart fixed to a drum which revolves at a peripheral rate of 4 cm. per 
minute. It should be borne in mind that with this manometer, a height of 
1 cm. on the graph is equivalent to a CO: pressure of 2 cm. of mercur 3 ’’. 

After persufflation of the uterus and fallopian tubes with CO 2 , a curve 
is obtained showing oscillations, pro\’ided that at least one of the tubes be 
permeable. Three elements are to be studied in these curves, viz., the 
height of the curve and the frequencj’’ and amplitude of oscillations. In the 
woman of childbearing age, the height of the curve is 6 or 7 cm., the fre- 
quency of the oscillations is 4 or 5 per minute and their amplitude, 10 to 
12 mm., when obtained with the usual consumption of gas as given bj^ 
Rubin. In ovarian insufficiency all three elements were found to be dimin- 
ished or even absent (Rubin (7)). Rubin considered the oscillations to be 
due to contractions of the uterine tubes. Stabile (8, 9) does not believe that 

* Director of the Institute. 
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Caar 1. Typical niyxodctna (if two ycara’ (liiralion in a woman 45 years of age. Mcn- 
strv\ation was regular in a S/HO day cycle. The basal metabolic rate (B.M.R.) was minus 
IS per cent. The curve shown in Figure 1 is 0 cm. high, which is below normal, and it has 
very few oscillations. Dcsicc:ited thyroid' in a daily dose of 0.05 Gm. (3/4 grain) was 
then given for four months. The B..M.lt. rose to ])li;s 4 per cent. A second curve was ob- 
tained (Fig. 2). Tlic height of the curve had incre.ascd and oscillations of great amplitude 
and of normal frequency were observed. 



Fig. 3. Utcro-tubal iier.^utllation curve (cm.) in Case 2 before treatment. 



Fig. 4. Utero-tubal persufflation curve (cm.) in Case 2 after patient 
was treated with desiccated thjToid. 

Case 2. Myxedema of two years’ duration in a woman 37 years of age. Menstruation 
was regular. The B.M.R. was minus 26 per cent. The persufflation cuiwe (Fig. 3) was 
low (between 3 and 2 cm.) but the oscillations were normal. The patient was treated 
with 0.10 Gm. (1-1 grains) of desiccated thjToid daily for six months, with clinical im- 
provement. The B.AI.R. rose to minus 1 per cent. A new curve (Fig. 4) showed increased 
height, and oscillations that were normal in both frequency and amplitude. 

Case 3. Typical congenital mj-xedema in a woman 25 years of age. Height 107 cm. 
Menstruation was regular in a 2/34 day cycle. The B.M.R. could not be obtained. A 
series of endometrial biopsies showed a complete menstrual cycle with proliferative and 
secretorj' changes. The persufflation cuiwe was low (3 to 5 cm.) with a few oscillations of 
small amplitude. 

Case 4. A woman 33 years of age with raj'xedema which began in 1935 after her fifth 
pregnancy. Except for amenorrhea of two months’ duration, menstruation was regular 
in a 3/20 day cj'cle. The genital tract was organically normal. She showed complete 
alopecia, and her B.AI.R. was minus 29 per cent. The persufflation curve (Fig. 5) was 
7 to 8 cm. in height with no oscillations. After one month of treatment with 0.10 Gm. 
(la grains) daily of desiccated thjnoid, the patient was greatlj' improved; the mj-xedema 
disappeared, the hair began to grow and the B.AI.R. rose to minus 9 per cent. The per- 
sufflation curve was 9 to 12 cm. in height, with a few oscillations. After two years of 
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menstruated regularly in a 6/30 day cycle. The persufflation curve was normal in height 
but showed almost no oscillations. After five months of treatment with 0.10 Gm. (11 
grains) of desiccated thyroid daily the B.M.R. rose to minus 7 per cent. The persufflation 
curve show^ed the same height but normal oscillations. 

Case 7. A woman 42 years of age. Myxedema began twenty years previously, four 
years after the birth of her only child. Her genital tract was organically normal and she 
menstruated regularly in a 7/30 day cycle. Her B.M.R. was minus 28 per cent. Figure 
9 shows a persufflation curve of normal height but without oscillations. After three 
months of treatment with 0.05 Gm. (3/4 grain) daily of desiccated thyroid there was a 
general improvement. The B.M.R. rose to minus 5 per cent. The persufflation curve 
(Fig. 10) increased in height and showed oscillations of normal amplitude and frequency 



Fig. 10. Utero-tubal persufflation curve (cm.) in Case 7 after patient 
was treated with desiccated thyroid. 


SUMMAHY 


A study illustrated with .seven case reports i.s pre.sented. 

It was found that persufflation curves of the uterus and fallopian tubes 
in myxedematous women may be diminished in height or have oseillation.s 
which arc of smaller frequency and amplitude than tho.se of normal .sub- 
ject. s. 

Thyroid therapy produces normalization of the utero-tubal persufflation 
eiiiAT, coincidentally with clinical improvement aiui increased basal me- 


tabolism. 

Whatever mechanism !)c accepted as e.xplaining the elements of the 
kvmo"raphic curve, it is evident that a muscular factor int(‘rvenes in its 
pathologic modifications. This is not surprising in view of tlie ehange.- 
which have been observed in the muselcs of the lieart. intestines and blarl- 
der of myxedematous patients. 
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thyroid treatment tlic jiatient was almost normal; her B.M.R. was idus 4 per cent and 
tlicre were no symptoms of myxedema and no alojiccia. Tiic persufliation curve was of 
normal hei^iht {9 to 11 cm.) with oscillations which were normal in amiditudc and fre- 
quency (Fip, 0). 

Case 5. A woman, 44 years of age, in whom the diagnosis was infantile myxedema. 
Height 120 cm. Her voice was hoarse. Menstruation occurred in a 7/2C-30 day cycle. 
Her R.M.H. was minus 19 ])cr cent. A persufliation curve (Fig. 7) was normal in height 
(10 to 11 cm.) hut showed no oscillations. Thyroid treatment for nine months with 



FtG. S. Utero-tubal jjersufHation curve (cm.) in Case 5 after patient 
was treated with desiccated thyroid. 



Fig. 9. Utero-tubal persufflation curve (cm.) in Case 7 before treatment. 

0.05 Gm. (3/4 grain) of desiccated thyroid daily resulted in great physical and psj’chic 
improvement. The B.M.R. rose to minus 6 per cent. The persufflation curve was higher 
than before (11 to 13 cm.) and it showed oscillations of subnormal frequency and ampli- 
tude (Fig. 8). 

Case 6. Hypothyroidism of many j’ears' standing in a woman 32 years of age. There 
was an anemia with a red cell count of 2,400,000 and hemoglobin 55 per cent. The B.M.R. 
was minus 23 per cent. She had had four pregnancies, had normal genital organs, and 





The 1949 Meeting of the Association 
for the Study of Internal Secretions 


The Thirty-First Annual Meeting of the Association for the Study of 
Internal Secretions will be held in the Chalfonte-Haddon Hall, Friday and 
Saturday, June 3 and 4, 1949, in Atlantic City, New Jersey. 

We are informed by the hotel management that reservations will be 
difficult to secure on short notice; therefore, members are urged to make 
reservations at once with Chalfonte-Haddon Hall, giving time of arrival 
and length of stay in Atlantic City. 

The scientific sessions will be held in the Viking Room, as formerly, and 
registration will be on the same floor. The annual dinner will be held in 
{,he Rutland Room, Friday, June 3, at 7 p.m., preceded by cocktails in the 
same room. 

Those wishing to present papers, which will be limited to ten minutes, 
should send the title and four copies of an abstract of not more than 200 
words, to Dr. J. S. L. Browne, Royal Victoria Hospital, Montreal 2, 
Canada, not later than March 1, 1949. It is imperative that the abstracts 
be informative and complete, with results and conclusions, in order that 
the^'' may be of value for reference and suitable for printing in the program. 

Nominations for the Squibb and Ciba Awards and the Ayevst, McKenna 
and Harrison Fellowship should be filed on special forms with the Secre- 
tary of the Association, not later than March 15, 1949, according to 
specifications given in the section on Awards. 


Amiounceinent of Jefferson. Medica]. 
College and Hospital Fello.wsliip 

A Fellowship in obstetric and gynecologic endocrinology will be avail- 
able at the JefTerson IMedical College and Hospital, Philadelphia, on or 
about May 1, 1949, under the direction of Dr. A. E. Rakoff, Assistant Pro- 
fessor of Obstetrics and Gynecology, and Endocrinologist to the Depart- 
ment of Clinical Laboratories. 

The Fellowship is available to Doctors of Medicine who have harl at 
lea.st one year or its equivalent of postgraduate training in obstetrics aiifl 
gyneeologV. Applicants for the Fellowship should conununicate at once 
with Dr.T.ewis (’. t^chefley. Professor of 0!)stetrics and Gynecology, Ihatd 
of Department, and Director of Division of riynecology, .lefierson Medical 
College and Hos])ital, Philadelphia /, I .i- 
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llEFEUEN'CES 

1. ZoNDKK, II.: Das Mixocdcinliorz, MCmchcn incd. Wrlmschr. 65: llSO-llSo, 191S. 

2. ScHiri'EUP, C.: Das Ilirsclispnmgschc Syndrom alscrstcErscIicinungangeborencn 
My.xocdenis; forncr cinigc Ucmcrkiingcn fiber die Ur.«achc dcs Mcgacolon idiopathi- 
cuin, Moaatschr. f. Kindrrli. 43: 2S9-30S, 1929. 

.3. CuisMEU, 11.: La part dc la tbyroidc dans la pathogenic dii dolicbocfilon, Ada clinica 
Bclgica 2: 33-51 (.lan.-Feb.) 1947. 

4. Iln.T.EMAND, and Dur.uk, M.: A propos du inkgadiiodenum. Essai dc classific.a- 
tion et pathogdnic, Arch. d. mal. I'app. dtgc.dif. 36: 129-154, 1947. 

5. Ev.\k.s, Y'.: a case of myxedema with ascites and atony of the urinarj' bladder, Eri- 
docrtiiologg 16: 409-410 (.Tuly-.\ug.) 1932. 

G. Rubin, I.: Tubal patency; clinical study in 050 cases of sterility by method of per- 
uterine insufflation combined with kymograph, ./..-I. ill. .4. 90: 99-106 (Jan. 14) 192S. 

7. Rubin, L: Influence of hormonal activity of ovaries upon character of tubal con- 
tractions as determined by uterine insufflation; elinic.al study, .4m. .7. Obst. & Gijnec. 
37: 394-404 (March) 1939. 

S. St.abii.e, a.: Administracidn dc preparados hormonales e insuflacidn tubaria qui- 
mogrdfica, interpretacidn personal de los trabajos obtenidos, .4rc/i. uriig. dc med., cir. 
y cspccialid. 18: 79-91 (Feb.) 1941. 

9. St.\bile, a.: Las oscilacioncs quimogrdficas dc la insuflacidn utero-tubaria, .4rc/!. 
rirug. dc mcd., cir. y cspccialid. 19: 400-415 (Oct.) 1941. 

10. C.wiGEi.A, A.: DemonstraciOn del origen de los llamados trazados quimogrdficos de 
la trompa de la mujer, Bol. Soc. dc obsl. y gincc. de Buenos Aires 22: 632-634 (Nov.) 
1943. 
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Antithyroid Drugs. (Round Table Discussion) 

E. B. Ast\Yood, M.D., Boston, Massachusetts 
Radioactive Iodine. (Round Table Discussion) 

Mayo Soley, M.D., Iowa City, Iowa 
Current Treatment of Hyperthyroidism. (Round Table Discussion) 

John de J. Pemberton, AI.D., Rochester, Minnesota 
Treatment of Hyperthyroidism. (Round Table Discussion) 

J. H. Means, M.D., Boston, JMassachusetts 
When is a Malignant Goiter Malignant? 

Robertson Ward, M.D., San Francisco, California 
Incidence of Carcinoma of the Thyroid in Nodular Goiter. 

Warren Cole, M.D., Chicago, Illinois ' 

What Thyroid Nodules Are to be Feared? A Basis for Deciding upon Surgical Explora- 
tion. 

Oliver Cope, M.D., Boston, Massachusetts 
Papillary Tumors of the Th3''roid. 

Shields Warren, M.D., Boston, Massachusetts 
Non-encapsulated Sclerosing Tumor of the Thjwoid. 

J. Beach Hazard, M.D., and George Crile, Jr., M.D., Cleveland, Ohio 
The Natural Histor}-- of Th3woid Cancer. 

Edgar L. Frazell, M.D., and Frank W. Foote, Jr., M.D., New York, New York 
Lymphosarcoma of the Th3^roid 

Robert S. Dinsmore, M.D., Cleveland, Ohio 
Surgical Treatment of Carcinoma of the Thyroid. 

B. Marden Black, M.D., Rochester, Minnesota 
Radio-Iodine Therap3^ of Metastatic Carcinoma of tlic Th3Toid; A Si.v Year Progrc.s.s 
Report. 

S. M. Seidlin, M.D., iMiss E. Oshry, I. Rossman and E. Siegel. New York, New 
York 

Radio-Iodine in the Treatment of I\Ietastic C.ancer of the Thyroid — Credits and Debits. 
Jack B. Trunnell, M.D., Miss Ruth Hill, Benedict J. DulT3’-, Jr., M.D., Leonidas 
Marinclli, M.D., Wendell Peacock and Rulon W. Rawson, New York, Now York 
Presidential Address — "Henr3’' S. Plummer” 

Arnold S. Jackson, M.D., Madison, Wisconsin 
The Problem of Cancer of the Th3'roid in a Non-Endemic Goiter Area 
David H. Poor, M.D., Atlanta, Georgia 

Some Goiter Problems Met With at West China Union University, Chengtu, Szechwan, 
China. 

Charles H. Arnold, M.D., Lincoln, Nebraska 
Cretinism. 

Harry Colfer, M.D., Madison. Wisconsin 
New Discoveries on the Innervation of the Lar3-nx. 

Bricn T. King, M.D.. and Ralph Gregg, .Af.D., .Seattle, Washington 
Metabolism Testing Under .\nc--thcsia in Normal and Ilvfjerthyroid Subjects. 

Elmer C. Bartels, .M.D., Boston. .M.assachusetts 
Relationship of Lymphocytes and Fibrous Replacement to the Incidence of Po-f(»j)er;itive 

.My.xedema. 

F B. Whitesell, Jr., M.I).. and B. Marden Black. M.I)., noche-ter, .Mintie otu 
Struma Lvmphomatosa. 

T. C.' Davison. -M.D.. and A. II. I-etton, .M.f).. Ath.nta, Georgia 



Tlie 1949 Meeting of tte 
American Goiter Association 


Tlie annual meeting of the Ameriean Goiter Association will be held at 
the Loraine Hotel in Madison, Wisconsin, Ma}' 26 to 28, 1949. All mem- 
bers who have not made their hotel reservations are urged to do so immedi- 
atelv. 

PREIJ.MINARY PROGRAM 

Dietary Factors in tlie Pathopcnesis of Simple Goiter. 

Monte A. Greer. M.D.. Martin G. Ettlinpcr, M.D., and E. B. Astwoocl, M.D., 
Boston, Massacliiisett.s 

Comparative Activity of Tliiouracil and Other Antithyroid Compounds in the Rhesus 
Monkey. 

D. A. McGinty, M.D., and M. L. Wil.son, M.D., Detroit, Michigan 
The Metabolic Fate of the Thyroid Hormone or its Derivatives. 

AV. T. Salter, M.D., New Haven, Connecticut 
Metabolic Studies with Eabelled Thyroid Compounds. 

Alexander Albert, M.D., and F. Raymond Keating. M.D., Rochester, Minnesota 
The Calorigcnic Properties of Tctrabromthyroninc Tetrachlorthyronine as Assayed in 
Human Mj'xedcma. 

Jacob Lerinan, M.D., Boston, Massachusetts 
Thyroid Hormone-Like Properties of Tetrabrom thyronine and Tetrachlorthyronine. 
Charles E. Richards, M.D., Roscoe 0. Bradj’, M.D. and Douglas S. Riggs, hl.D., 
Boston, iMassachusetts 

The Antithyroxin Activity of ThjToxin Analogues. 

Ruth Cortell, M.D., New York, New York 

Thyroid-thyrotrophic Hormone Interaction in Body Fluids as Tested in the Starved 
Tadpole. 

Saidno A. D’Angelo, !M.D., New York, New York 
The Van Meter Prize Award Paper. 

To be presented bj' winner of the Award 
The Confessions of an Elderly ThjToidologist. 

J. H. Means, M.D., Boston, ^lassachusetts 
The Effects of Massive Doses of Potassium Iodide. 

T. S. Danowski, M.D., Pittsburgh, Pennsylvania 
The ThjToxin-like Action of Elemental Iodine 

Samuel Dvoskin, M.D., New York, New York 
The Functional Capacity of Various Types of Thyroid Carcinoma as Revealed by the 
Autoradiographic Demonstration of Radioactive Iodine. 

Patrick J. Fitzgerald, ^I.D., New York, New York 
A ^Method for the Preoperative Estimation of Function of Thyroid Tumors: Its Signifi- 
cance in Diagnosis and Treatment. 

Brown AI. Dobjms, AI.D., and Bengt N. Skanse, M.D., Boston, Alassachusetts 
ThjTToidectomy. (Round Table Discussion) 

Richard B. Cfattell, AI.D., Boston, Alassachusetts 
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AMERICAN DIABETES ASSOCIATION MEETING 


Vohanc 9 


comparative anatomy, and the fine arts, to comprise at least ninety se- 
mester hours in a college of arts and sciences approved by the Council on 
Medical Education and Hospitals of the American Medical Association, 
and/or in a School of Fine Art approved by the Educational Division of the 
Veterans Administration. The School of Medicine reserves the right to re- 
quire more than the minimum hours here set down for admission. Tuition 
and fees will be charged in conformity with tuition and fees for the School 
of Medicine of the University of Georgia. The course consists of the follow- 
ing: 

(a) Surface anatomy. 

(b) Anatomical dissection and drawing. 

(c) The study of fresh and hardened specimens. 

(d) Microanatomy and its techniques. 

(e) Lettering and presentation. 

(f) Design and preparation of charts and schemata. 

(g) Surgical procedures and reconstructions. 

(h) Techniques of medical illustration. 

(i) Mechanics and ethics of medical publishing. 

(i) Format and design of monographs and books. 

(k) History of medical illustration. 

(l) Medico-visual education and direction. 

FIRST TRIMESTER 

Student Registration — 5 September, 1949 

Jack Wilson, Associate Profe.ssor of Art as Applied to Medicine, and 
Director of Illustration. 

Mary P. Hallinan, Student Assistant for Art as Applied to Medicine. 


The 1949 Amiiial Meeting of the 
American Diabetes Association 

Ch.\lfonte-Haddox Hall, 

Atlantic City, X. J. 

Saturday afi'erxoox, June 4; 

Sunday morning and afternoon, June 6 . 

Ranquet, S.uruRDAY Night. 

Please send reservations for tlie banquet now to this office. Wives f)f mem- 
bers are welcome. Dinner stibscrii>tion - whm //e;/ rcr/A/cr 

at the meeting. 
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Total Tliyroitlcctoiny: A Su])i)lcmcntal Report of 2S0 Cases of Diffuse Toxic Goiter 
Treated by this Method. 

A. C. Scott, .Ir.. M.l)., and ?. M. Rainey, M.D., Temple, Te.xas 
rncuinotliorax Followinj: Thyroidectomy (A Report of Two Cases) 

Lindon Seed, M.l)., Chicago, Illinois 
A Simplified Clinical Method for the Determination of Blood Iodine. 

Arthur C. Connor, M.D., Roy E. Swenson, M.D., George M. Curtis, M.D., Colum- 

hus, Ohio 

Treatment of Recurrent Hyperthyroidism. 

William S. Reveno, M.D., Detroit, Michigan 

COURSES IN ^lEDICAL ILLUSTRATION 

UNIVERSITY OF GEORGIA SCHOOL OF :MEDICINE 

The fir.st school of medical illustration in the southeastern United States 
has been opened at the University' of Georgia School of Medicine. 

The courses arc designed to equip illustrators for all tj'pes of scientific 
illustration, as shown in Paragraphs B1 and B2 of the following announce- 
ment. Since a knowledge of the techniques of medical illustration is neces- 
sary for the production of exemplary illustrations in other fields of scientific 
education and publication, special students who wish to apply such tech- 
niques to a field of classical study other than medicine may be accepted in 
conformity with Paragraph B1 of this announcement. Only a limited num- 
ber of applicants are selected each year for this training. 

Applicalions for admission mai/ be addressed lo the Registrar, The Univer- 
sity of Georgia School of Medicine, Atigusta, Georgia, 

ART AS APPLIED TO MEDICINE* 

A. COURSES FOR ZHEDICAL STUDENTS 

1. A course in the techniques of medical illustration; open to students in 
each year of medical school, to postgraduates and to members of the 
facultjq for one afternoon a week throughout the year. 

2. Research workers who require illustrations for their research wUl be 
given guidance upon request. 

B. COURSES FOR JiIEDICAL ART STUDENTS 

1. Special courses to medical illustrators who desire to take advanced 
work in a particular branch, or to scientific illustrators who wish to apply 
the techniques of medical illustration to a field of classical study^ other than 
medicine. Minimum fee, 840 per quarter. 

2. A regular four-year course for beginners. This may be completed in 
four scholastic years, or in an accelerated course of thirty-six months. 
Applicants must have studied chemistry^ or biology, physics, zoology or 

* (Extracted from the Bulletin, The University of Georgia School of Medicine, An- 
Tiouncemenfs, The Session 1948-1949). 
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Significant toxic reactions occurred in 2 per cent of the patients treated. Tliese consisted 
of 1 febrile reaction, 4 cases of leukopenia, and 1 case of agranuloc 3 dosis. The author noiv 
conibines Lugol's solution with propylthiouracil from the beginning of treatment in all 
patients with toxic diffuse goiter. Although the exhibition of iodine somewhat delays the 
return of the B.M.R, to normal, it results in more prompt subjective improvement. No 
death occurred after thyroidectomy in the 300 patients treated with prop 3 'lthiouracil.— 
J.M. 

Bowers, J. Z.: Hyperthyroidism occurring at an early age in dissimilar 
twins, Ann. Int. Med. 29: 935-941, 1948. 

Case histories of a set of fraternal twins in whom hyperth 3 ’Toidism developed at the 
age of 4 years 10 months and at 7 years 10 months are presented. — J.M. 

Chapman, E. M. : Treatment of Graves’ disease with radioactive iodine. 
West. J. Surg. 56: 47-51, 1948. 

The history of the application of radioactive iodine to tlie therap 3 f of th 3 ’’rojd disease 
is reviewed, together with certain elementary physic.al characteristics of radioactive 
iodine having a half-life of 12 hours. From experience in treating 45 patients with toxic 
diffuse goiter, the author concludes that the 12-hour isotope is an effective single tliera- 
peutic agenti — J.M, 

Danzigbr, Le3VIS, and Kindwall, Josef A.; Tliyroid therapy in some 
mental disorders, Dis. Nerv. System 9: 231-241 (Aug.) 1948. 

The authors review a considerable proportion of the relevant evidence and conclude 
th.at deficient oxidation in the brain is a potent factor in the causation of mental dis- 
orders. For the purpose of increasing the brain o.xidation, thyroid substance or sodium- 
thyroxine was given to 5 ps 5 mhoneurotic p.atients and to 19 ps 3 ''chotic patients (manic 
depressive and schizophrenic). Relatively large doses were emplo 3 '’ed. Rccovcr 3 ’ is re- 
ported in all the ps 3 ’'chotic and in 2 of the ps 3 'choncurotic patients — rc.sults much better 
than those usualh’^ obtained in similar studies. Emphasis is laid on the desirability of 
prolonged treatment and of the probabilit 3 ’- that improved results might be obtained 
by the adjunctive use of other oxidation-promoters. — It.G.Il. 

De Robertis, E.: Proteolytic activity in the pliysiology, pathology and 
therapeutics of the thyroid gland, West. J. Surg. 56: 253-2G0, 1948. 

By means of the frcozing-dr 3 'ing tcciiniquc, the author has demonstrated the prcijonce 
of intracellular colloid which is the product of secretion and rcabsorptinn inside the cells, 
and has shown that the release of colloid is ahva 3 's intracellular. In colloirl extracted from 
single follicles in the rat fln-roid, a proteoMic enz 3 ’mc which digc.sts a gelatin substrate 
was found. The enzyme activit}* incre.a.ses after injection of TSII and after the adminis- 
tration of iodide for a .short time. After treatment with ioriido for a longer titno, enzyme 
activity bccome.s subnormal. From fhe.se fact.s, the autfior postulntc.s a theory of the 
enzymatic rcubsorjition of the colloifl. lie .suage.sts that the process' of release from fhyro- 
globulin from the follicle involves an enzymatic mechani.sm whieii breaks down the 
large protein imdecide and makes possi!)!e absorption by the eedb. The rate of prfUeolytie 
activity of normal and patliologie human th^Toid ti^sue wa« me.-.sured. In severe toxic 
goiter the proteolytic activity was fosjnd to be 00 per cent above th.at of the normal 
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nOI.PIl, E. T. PAMUEI.S 


PITUITARY 

Bloom, W. : Pituitary implications in In-portrophic pulmonarj' osteoar- 
thropathy, .-111?). In(. Med. 29: 361-370, 194S. 

The case report of a patient with clironic hypertrophic pulmonarj- osteoarthropathj- 
is pre.^ented. At autopsy a carcinoma of the lung with metastasis to the anterior lobe of 
the pituitarj- gland was found. The author suggests that overstimulation of the anterior 
pituitary by the metastatic lesion may have induced the hypertrophic osteoarthropathy. 
He analyzes other reports in the literature which suggest an endocrine basis for this 
syndrome. — J..1/. 

Schweitzer, Federico L., and B.\s, Jose X.: Evaluation and differentia- 
tion of the various gonadotropic hormones bj- their action on the male 
toad, Scjitana mcd. 55: 703-708, 1948. 

Various gonadotropins were assayed comparatively on immature female rats and for 
their effect in producing release of spermatozoa in the toad Biifo arenarum Hensel 
following the technic described by Galli Mainini. A toad unit is defined as the minimum 
dose that produced a positive response in two-thirds of the animals, the total number 
of which varied widely but was never less than 7. One toad unit of chorionic gonado- 
tropin corresponded to 38 international units. Crude extracts from pregnant mare serum 
or plasma and the purified hormone gave identical results showing 1 toad unit equivalent 
to 150 international units. It is concluded that either the ratio of FSH to LH in the preg- 
nant mare hormone is not altered during purification or that the toad does not respond 
to FSH. This latter theory- is in accord with the fact that the toad is not influenced bj- 
menopause urine. The difference in reaction may- be used to differentiate chorionic and 
pregnant mare gonadotropin. — A.E.M. 

THYROID 

Bartels, E. C.; Propylthiouracil; its use in the preoperative treatment of 
severe and complicated hy-perthjToidism, TTesf. J. Sitrg. 56: 226-235, 
1948. 

Propylthiouracil has been employed by the author in the preoperative treatment of 
300 patients with moderate to severe hj-perthyroidism. Daily doses of 200 mg. for toxic 
diffuse goiter and of 300 mg. for toxic nodular goiter were found to be uniformly effective. 
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ping in the radioactive iodine excretion between thyrotoxic and nonthyrotoxic individ- 
uals in the range 20 to 40 per cent. The finding of a low urinary excretion of radioactive 
iodine aided in establishing the diagnosis of Graves’ disease in certain clinically equivocal 
cases. The finding of a high excretion assisted in excluding the diagnosis of Graves’ disease 
in such conditions as alcoholism, anxiety, hypertensive cardiovascular 'disease, Parkin- 
sonism, pheochromocytoma and thyrotoxicosis factitia. — J.M. 

Means, J. H. : Present day trends in thyroid research, TUesL J. Surg. 56: 
65-71, 1948. 

The trends in twentieth-century thyroid research are reviewed, indicating the fact 
that the types of research undertaken have become increasingly fundamental. Another 
tendency which is discernible is the application of an increasing number of disciplines to 
thyroid problems. Among the lines which the author regards as especially promising for 
future research are the phylogenetic development of the thyroid, the chemical nature 
of TSH, the mode of action of the thyroid hormone on its end organ, and the pathogene- 
sis of the ophthalmopathy of Graves’ disease. — J.M. 

Thompson, \V. 0.; Thompson, P. K., and Mandernach, D, M.: Further 
observations on thioiiracil and related substances in the treatment of 
toxic goiter. West. J. Surg. 56: 270-277, 1948. 

The authors believe that prolonged medical control of thyrotoxicosis with the 
thiouracils should be attempted in only 75 to 80 per cent of patients. This form of treat- 
ment is precluded in the remainder because of toxic reactions, size of the goiter and in- 
ability to control the disease adequately. However, from their data, it appears that the 
prolonged administration of the thiouracils can induce a remission in approximately 00 
per cent of patients with thjTOto.xicosis. — J.M. 

Williams, R. H, : An evaluation of newer methods of treatment of tliyro- 
toxico.sis. West. J. Surg. 56: 72-76, 1948. 

The advantages and disadvantages of treatment of thyrotoxicosis with .surgery, 
radioactive iodine and the thiouracils are reviewed. The treatment to be employed in a 
given case must be selected after careful evaluation of all the factors involved. Surgery 
is the best established form of treatment and the long-term results are the mo.st predic- 
table. It is the method of choice in cases in which the goiters are very large, particularly 
if they are noflular, and in cases in which there is a question of carcinoma. Factor.s to ho 
considered against thyroidectomy are the discomfort and expen.'^e it entails, and the 
serious nature of the com[)Iications. Radioactive iodine therapy is extremely valuable 
in certain complicated cases of thyroto.xicosis, especially when toxic reactions (»r refrac- 
torine.ss to thiouracii develop. However, the harmful elTccts which it may ultiinately 
produce cannot yet he e.'^timated. The thiouracils produce a remission in more than oO 
per cent of patients treated continuously for a year. If i)ropylthiouracil he emph»ycd, 
toxic reactions are relatively infrequent. The author cf)ncludes tli.at none of tlie.-e forms 
of therapy is ideal. — J .M . 
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gland. In two cases of toxic adenoma, a difference of approximately 100 per cent was 
found between the proteolytic activity of the adenoma and that of the paranodular 
tissue. In colloid goiters the proteolytic activity was only 27.9 per cent of normal. It is 
sviggcstcd that the therapeutic action of iodine may depend, in jiart, upon its capacity 
to inhibit the proteolytic system. ThjToid inhibitors of the thiouracil t\^)e appear to 
act on special oxidative mechanisms of the cell, rather than through the proteohdic 
system. — J.M. 

Heinemaxx, jM.; .Iohxsox, C. E., and Max, E. B.: Serum precipitable 
iodine concentrations during pregnancy, ./. Clin. Investigation 27 : 91-97 
(Jan.) 1948. 

Scrum precipitable iodine determinations were made in 43 pregnant women and were 
followed after delivery in 11. Of these 43 women, ranging in age from 21 to 44 years, 29 
were normal, with no personal histories suggestive of metabolic disease. In this group, 
concentrations of scrum precipitable iodine ranged between 0.2 and 1 1 .2 gamma per cent, 
the majority being a high normal or above the upper limit of the normal range of non- 
pregnant women (S.O gamma per cent). Elevated values were observed as early as three 
to six weeks after conception, did not increase during the subsequent course of preg- 
nancy, and subsided soon after delivery. The 10 women who aborted or threatened to 
abort showed concentrations (2.8 to o.S gamma per cent) of serum precipitable iodine 
which were low for normal pregnancy. In cases of threatened abortion, the serum iodine 
concentrations increased when desiccatedjhyroid was administered, but remained in the 
lower range of values of normal pregnancy in some instances. In one hypothjToid patient, 
in whom an abortion seemed inevitable in the fourth month, values for serum precipit- 
able iodine increased from 6.6 to 10.0 gamma per cent after administration of intra- 
venous thj’roxine for two daj’s and an increased dosage of desiccated thjToid during the 
remainder of pregnancy resulted in an average value of 7.S gamma per 100 cc; a normal 
infant was delivered at term. Higher concentrations of serum precipitable iodine than in 
normal pregnane}' occurred in the four hyperth}Toid women; in all of these, pregnancy 
was maintained and the h}'perth}Toidism controlled by Lugol’s solution alone or in 
conjunction with thiourea. — T.H.McG. 

Hertz, J.: Studies on thyrotoxicosis. West. J. Svrg. 56: 209-225, 1948. 

Follow-up examinations were performed one to three years after th}'roidectomy in 
90 of 94 patients operated upon for thx’rotoxicosis. Of SI patients designated as immedi- 
ately recovered, 93.5 per cent still were recorded as recovered; 2.6 per cent presented 
myxedema; 2.6 per cent, recurrent thyrotoxicosis; and 1.3 per cent, postoperative tetany. 
Of 7 patients discharged with hypothyroidism, 85.7 per cent had now recovered, whereas 
14.3 per cent had myxedema. Of 5 patients discharged with persistent h}'perth}’roidism, 
SO per cent had recovered and 20 per cent showed continuing h}'perth}'Toidism. The 
significance of these findings is discussed. — J.M. 

McArthur, J. W.; Rawsox, R. W.; Fluharty, R. G., and Me.axs, J. H.: 

The urinary excretion of radioactive iodine as an aid in the diagnosis of 
hy^perthjYoidism, Ann. hit. Med. 29 : 229-237, 1948. 

The mean urinary excretion of radioactive iodine by 30 nonth}’rotoxic patients was 
60 per cent and by 22 th}'rotoxic patients, 25 per cent. There was considerable overlap- 
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Continued investigations into the androblastoma series which will be 
reported here have shown that there also occur morphologically well- 
defined forms of feminizing tumors, often very rich in lipoid, which be- 
cause of their hormonal effect have hitherto been classified as belonging 
to the granulosa tumor group under the terms: folliculome lipidique 
(Lecene (5), Varangot (6), Plate (7)) or granulosa cell tumor of tubular or 
adenomatous type (Traut and Butterworth (8), Henderson (9), Dougal 
(10)), but which on the basis of the demonstrated congruence with andro- 
blastoma testis (Teilum 1946 (3)) can be classified with certainty as tubular 
androblastomas. 

Several hitherto inexplicable facts concerning the hormonal effect of the 
testicular and ovarian androblastomas will be elucidated by these findings. 

Androblastoma tubulare (lipoides) (estrogen-producing Sertoli cell tu- 
mor) of the human testis. 

In my case of feminizing androblastoma testis in a man aged 53 years 
wdth gynecomastia (3) the tumor, measuring 6X4X3 cm,, was found mac- 



Fig. 1. Feminizing androblastoma (tubulare lipoides) testis = tubular Ser- 
toli cell tumor, showing morphological congruence with “folliculome lipidi- 
que” (Lecene). Hematoxylin and eosin stain. X210. 

roscopically to be of an intensely yellow color on the cut surface. Postern- 
superiorly a border, 4 to 5 mm. wide, of apparently normal leslicular (is- 
sue was found. The histnhrjical examination sliowcd a motley piclure cor- 
responding to the various stages of differentiation in virilizing arrheno- 
blastomas of the ovary, with all transitions from a diffuse blastema to 
differentiated massive cords anfl tubuli. In the greater part of the tunjor 
the tubuli were liighly differentiated with bright cylindric.al c(>lis, charac- 
terized by a very copious content of lijtoifi. so that the tumor tissue in 
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I N PREVIOUS publications (1, 2, 3) two series of tumors (homologous) 
of the testis and the ovary have been established, showing complete 
morphological congruence in all forms of differentiation: (I) The dysger- 
minoma series {gonocyloma) , and (II) the androblastoma sen’es, forming the 
basis of an exact hislogenetic classification of several special forms of tumor 
of the ovary, the nature and histogenesis of which have hitherto been 
doubtful and based on a more or less subjective judgment. This applies, for 
example, to the so-called mesonephroma ovarii (Scliiller 1939 (4)) which 
displaj'^s morphological congruence Mith embr 3 mnal testicular tumors 
originating from germ cells (2) belonging to the dj'^sgerminoma series 
(gonocjdoma). 

The ^drilizing so-called “adrenal tumors” and “luteoma” must also be 
referred to the androblastoma series, particularlj’^ on the basis of transition 
forms demonstrated between these and the Lej'^dig cells in arrhenoblas- 
tomas and on the basis of morphological congruence with morpholo^callj’^ 
different tj^es of androgen-producing interstitial cell tumors in the testis 

(3L 
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Fig, 3. Feminizing androblastoma testis showing the trabeculae cut parallel to their 
longitudinal axis. The linear bands of cells contain two rows of cylindrical cells with 
highly vacuolated cytoplasm and separated by connective tissue septa (cf. ''folliculomo 
Jipidique” (Lecone)). v. Gieson-Hansen stain. X370. 
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these portions presented the histological picture of a tubular lipoid cell 
tumor. The tissue, in the parts where the trabeculae had been cut parallel 
to their longitudinal axis, was seen to consist of two rows of cylindrical 
cells with highly vacuolated cytoplasm (Figs. 1 and 3), whereas the trabecu- 
lae, when cut at right angles with their longitudinal axis, displayed a radial 
arrangement of the cells (Fig. 4) with transition to tubular cavities with 
cylindrical or cubical cells in a layer circumscribing a central cavity. A 
considerable lipoid content was demonstrated by means of osmium and 
Sudan staining (Fig. 2). 



Fig. 2. Feminizing androblastoma of human testis (osmic acid stain). The 
tubuli consist of Sertoli cells ■with considerable lipid content (c/. Huggins 
& Moulder’s figure 5 showing tubular Sertoli cell tumor of canine testis). 

X240. 

Androblastoma tubulare (lipoides) (estrogen-producing Sertoli cell tu- 
mor) of the human ovary, hitherto considered as “foUiculome lipidique” 
(Lecene) or as “granulosa cell tumor of tubular or adenomatous type” 
(Table 1). 

a) Three cases of ‘‘foUiculome lipidique” {Lechie, Plate), 
collected by Varangot in 1937 

As pretdously described ((3), figs. 9 and 10 a and h), the lipidic tubular 
portions of the tumor of the testis were found in all respects to be identical 
with the so-called “foUiculome lipidique” of the ovary of which Varangot 
in his monograph on granulosa cell tumors (1937, pages 140 to 151 (11)) 
gave a detailed description mth eleven photomicrographs. This study was 
based on the 3 cases known till then, namely 2 cases observed bj’ Lecene 
and the third by Plate. The first case, observed as early as 1910, was ex- 
amined histologicallj'- by Lecene and presented by Christian before the 
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The cells seem to be distended by their cytoplasmic content and with 
sudan-staining they are seen to be filled with'sudanophilic drops. The dis- 
tribution of lipoid is not absolutely uniform and both in the ovarian tumor 
and in the corresponding testicular tumor, zones can be observed in which 
it is less copious. Lecene considered this accumulation of fat as being indic- 
ative of a luteinization. Plate agreed with Lecene and considered the 
hormonal function of the tumor tissue to be identical with that of the cor- 
pus luteum. Varangot, on the other hand, Justly pointed out that accumu- 
lation of lipoid and luteinization are not synonymous. The cells have ab- 
sorbed fat, but they are not of the same appearance as lutein cells. Func- 
tionally, no signs of lutein effect were found in these cases either. No signs 
of lutein influence were demonstrated either in Lecene’s or in Plate’s cases 
upon examination of the endometrium. Plate stated that the endometrium 
was hyperplastic. Varangot found that the hyperplasia suggested a fol- 
liculin-producing tumor. In the identification of the growth as a granulosa 
cell tumor he attributed greater importance to this functional test than to 
the morphological conditions, which, with regard to the occurrence of 
cylindrical cells, tubular and adenomatous structures, display such con- 
siderable and inexplicable deviations from the ordinary structure of the 
granulosa cell tumors. 


b) Two cases described by Traid and Butterworlh (1987) 

In Traut and Butterworth’s paper (8) photomicrograplis are reproduced 
showing two ovarian tumors of the same type. In tlmir figure 3 b, the struc- 
ture is described as 'Tubular arrangement which is quite rare. Unquestion- 
ably granulosa, but simulating Pick’s tubular adenoma,” and their figure 
4 6 is labelled "general type of Lecene-folliculome lipidiqiie.” 

Traut and Butterworth point out that there is no biological proof of 
progesterone effect of this so-called "folliculome lipidique,” and tlicy say as 
follow’s about the "tubular granulosa cell tumour”: "Rarely the granulosa 
cells form a s 3 ’’stem of tubules in which single rows of cells arrange them- 
selves about a central acinus as though it were a duct. Such an arrange- 
ment of cells might be thought to be related to some form of tubular 
adenoma, such as Pick’s testicular tumor, were it not that one can usually 
prove beyond doubt that they are true granulosa colls,” 


c) Henderson's case of “granulosa cell Inmor of adcnomalous lype" (1942) 

Henderson s series (9) of 21 granulosa cell tumors and 0 theca coll tumors 
includes one case of "granulosa cell tumor of an aflcnornatoiis typo" wliich 
is termed rare. The photomicrographs with cross-sections of brighi lubiili 
with epithelial cells rich in lipoid (their figures 2 I) and 10 P>j aro idi-ntioal 
with our testicular amirohlastorna (sre Fig. 4). HondorsonV ra-o v/a^ Hint 
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So('it‘t6 anatoniique (12). Lccune ob.<crve(l another case in 1927, and Plate 
fo\ind the third in 1933. 

The fact that, niacroscopically, the tumor is of a yellow color indicates 
a high content of lipoid. Varangot described the ovarian tumor histologically 


Taiii.i; 1. Ti;n Casks ok ANnuoni.AsToMA Tuiuti.auk Uikoidks Ovarii 
on TrnvKAU Skhtou Ckki, Tvmor 


i 

1 

■Author j 

i 

1 

Earlier 

diagnosis 

Pa- 

tient’s 

age 

(yrs-) 

Endocrine 

symptoms 

1. Christian = Uccvnc I 
(1910) 

Foliiculomc lipidiquc 

i 

Metrorrhagia 

2. Lecenc II (1927) 

Folliciilomc lipidqiic 

1 


3. Plate (1933) 

Folliculome lipidiquc 

t 

23 

i 

Metrorrhagia, hyperpla- 
sia endometrii; later 
amenorrhea 7 months 

4. Traut & Butterworth 

I (1937) 

1 

Tubular granulosa j 
cell tumor 

1 

Not stated 

5. Traut & Buttenvorth 
II (1937) 

1 

Folliculome lipidique 

1 

— 

6. Henderson (1942) 

Luteoma of adenom- 
atous type 1 

1 ! 

Metrorrhagia and puber- 
tas praecox 

7. Dougal (1945) 

Granulosa cell tumor : 
of tubular or adenom- j 
atous tj’pe 1 

j 

22 

Metrorrhagia 

S. Grevle (1936) 

Granulosa cell tumor * 
of special structure 

26 

Metrorrhagia 

9. Pick (1905) 

Adenoma tubulare 

34 

Aletrorrhagia 

10. Schickele (1907) 

Adenoma tubulare 

26 

Metrorrhagia 


as composed of “des bandes cellulaires tantot rectilignes, tantot flexueuses 
et festonnees, separees par des travees conjonctives le plus souvent fines 
et l§,ches, parfois hyalinisees.” 

The characteristic pictures, dependent on whether the trabeculae are 
cut parallel or at right angles to their longitudinal axis, are identical with 
those described in the section on testicular androblastoma. 
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ation, being approximately the size of a chicken’s egg and very easily 
enucleated, so that only a narrow border of ovarian tissue remained. On 
the cut surface the tumor was of a yellow color and of a rather soft con- 
sistency. Microscopically it was composed of cells arranged in gland-like 
or tubular formations. The epithelium was almost cylindrical. After oper- 
ation the menstrual periods became regular. It appears from the photo- 
micrographs reproduced that the tumor was of the same tj^pe as in the 
preceding cases, but less lipidic than '‘folliculome lipidique” Lecene. 

Morphological congruence and common estrogenic effect of androblas- 
toma lipoides of the testis and the ovary (Table 2). 

Eight cases of tubular or adenomatous, most frequently highly lipidic, 

Table 2. Relation between Dominant Cell Type and Hormonal Effect in 
Identical Androblastomas of the Testis and the Ovary 

Testis j Ovary 


I. Estrogen-producing androblastoma; — Androblastoma tubulare lipoides 

= Sertoli cell tumors 


Structure 

chiefly tubular, lipidic 

Hormone 

production 

estrogen 

estrogen 

i 

Endocrine 

effect 

feminizing; gynecomastia, im- 
potence 

feminizing; metrorrhagia, in children 
also pubertas praecox (Henderson) 

Cases 

described 

1 

1 

in man (Teilum, 1945-1946) 
in dog (Huggins & Moulder, 
1945) 

i 

j a number of tubular lipidic tumors, 
previously misinterpreted as folli- 
culome lipidique (Lecene) or tubular 
granulosa cell tumor, and the pure 
tubular adenoma (sec Table 1) 

11. Androgen-producing androblastoma (besides Robert Meyer’s virilizing 
arrhenoblastomas) : — Androblastoma diffusum = Lcydig cel! tumors 

1 

Structure i 

} 

diffuse. 

often lipidic 

Hormone ! 
production | 

androgen 

androgen 

Endocrine 

effect 

in adults; none 

in children; pubertas praecox 

in adults; virilization 
in children: also i)uiierfas {)raecf,x 

Cases 

described . 

Massfjn's ca'^e and several 
others 

(tinior.-' de~rri!ivti as “adreon! tu- 
mor.'” and “iutfoni.-r-” 
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of a 7-year-old girl with vaginal hemorrhage and pubertas praecox. The 
tumor was 4 cm. in diameter. The patient was alive and well six yeans 
after the operation. The endometrium had not been examined. The tumor 
was also termed “luteoma, adenomatous type” and was considered “com- 
pletely luteinized,” as the copious lipoid content was considered synony- 
mous with luteinization in spite of the marked clinical signs of an estro- 
genic effect of the tumor. 

d) DougaVs case of “gratutlosa cell tumor of tubular or 
adcuomatous type'' (1945) 

A particularly instructive and thoroughly described case of this form of 
tumor of the ovary is the one reported by Dougal (10) in a 22-year-old 
woman with persistent uterine hemorrhage of seventeen months’ stand- 
ing. The diagnosis of granulosa cell tumor vas established. At operation a 
solid, almost spherical, ovarian tumor, measuring 7.5 cm. in diameter, was 
removed. On the cut surface it was seen to be encapsulated, somewhat 
lobulated and of a bright yelloiv color. The histological picture was found 
to be “quite different” from the one usually found in granulosa cell tumors, 
as “the tumor was seen to consist of an encapsuled mass of perfectly 
formed tubules more or less divided up into lobules by incomplete septa, 
well supplied with blood-vessels. Lying over part of the circumference of 
the tumor and outside the capsule were the remains of the ovarj’- proper 
containing Graafian follicles in various stages of development, a number of 
corpora albicantia but no recent corpora lutea. The general arrangement 
of tumor and ovary suggested that the tumor had not originated in the 
ovarian cortex, but in the medulla or hilum. 

Microscopically the tubules were seen to be fully differentiated and to 
consist of a single layer of cylindrical cells with well marked inner bound- 
aries and oval, deeplj’^ staining, peripherally placed nuclei. Sudan III stain 
revealed the presence of large amounts of lipid in the inner portions of the 
cells and in the lumina.” Dougal considered the tumor to be an encapsu- 
lated, luteinized and hormonally active adenoma of the ovary. According 
to the clinical history the hormonal effect seems to have been estrogenic. 
The tumor was stated to be highly differentiated “but along unusual lines, 
the tubular arrangement being not unlike that present in Pick’s testicular 
adenoma of the ovarj’’ which, however, is a ^’irihzing tumor.” The colored 
plates reproduced in Dougal’s paper show complete conformity with simi- 
lar sections in my case of feminizing androblastoma testis (Figs. 2 and 4). 

e) Grevle’s case 2 of granulosa cell tumor of peculiar character 

Grevle’s case (13) in a 26-year-old woman vnth metrorrhagia is of the 
same tj’pe. At the site of the right ovary a solid tumor was found at oper- 
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longitudinal axis the cells form long parallel bands with two rows of cells 
(Figs. 1 and 3), whereas in cross-sections a radial arrangement of the cells 
is seen (Fig. 4), often surrounding a distinct lumen. 

Histogenesis and classification. The histogenetic classification of the 
tumor as a chiefly tubular androhlastoma is based upon 
1. The rnorphological congruence between “folliculome lipidique’' of the 
ovary and the predominant sections of the feminizing androblastoma 
testis ((3), fig. 9 a and b), and 



Fig. 5. Solid cords of undifferentiated Sertoli cells of androblastoma testis 
(cf. Figures 0 and 7). v. Gieson-Hansen stain, X240. 


2. the gradual transition from solid cords and tubuli, wJiich may be found 
ill virilizing ovarian arrlienobla.stomas (Fig. 6) as well as in tlic homol- 
ogous testicular androblastomas (Fig. 5), to the highly differentiated 
lipidic tubuli with vacuolated cells (Figs. 1 and 3). 

Thus there cannot be any doubt that the group of lipidic tubular ov'arian 
tumors dealt with here and previously described as “folliculome lipidique'' 
(Lccene's t>'po) or granulosa cell tumor of tubular or adenomatous type- 
irrespective of their estrogenic effect — does not belong to the group of 
granulosa cell tumors, but represents ovarian tumors congruent with an- 
droblastoma tubiilare (lipoides) of the testis (3) and must be classified as 
androblastomas, i.c.. tumors which, like the arrhenoblasfornas, originate 
histogcnetically from male directed cell material. 
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ovarian tumons which, niacroi5Coi)ically, arc j-ellow on the cut surface have 
tlius been collected from the literature where they have hitherto been de- 
scribed as '‘folliculome lipidique” (5, G, 7, 8, 11, 14) “completely lutein- 
ized” granulosa cell tumor (9) or granulosa cell tumor of tubular or adenom- 
atous type (luteinized and hormonally active adenoma) (10). 

On the basis of the demonstrated morphological congruence with the 
feminizing androblastoma testis (3) these tumors can with certainty be 
histogenetically classified as androblastomas, i.e., tumors which, like the 
virilizing arrhenoblastomas, originate from a testicular blastema (andro- 
blastema) in which a difTerentiation tending in the direction of Sertoli and 
(or) Leydig cells may take place, the hormonal effect of the tumor thus 
being dependent on predominance of either type of cell. The purely" or 
chiefly tubular lipidic forms, like those dealt with here, will in principle 
correspond to the lipidic estrogen-producing tubular Sertoli cell tumors 
of the testis described in dogs (Huggins and Moulder (15)), as we may take 
it for granted that the lipidic cells in the tubular sections of the androblas- 
tomas represent Sertoli cells. 

In the ovary, too, these tumors are hormone-producing. Although most 
of the cases have been looked upon as “folliculome lipidique” (Lecene) or 
as luteinized granulosa cell tumors of tubular tj^pe, no biological proof of 
progesterone effect of this form of tumor has been delivered (6, 8, 11). 
The clinical details such as metrorrhagia and, in Henderson’s case in a 
7-year-old girl, also pubertas praecox, and observations of endometrial 
h3q3erpla.sia in a few cases, indicate an active estrogen-production of the 
tumor (6). This form of tumor is highlj' differentiated and has proved to 
be benign in all the cases described. Several of the authors of the case re- 
ports emphasize the morphological resemblance to tubular adenoma of the 
ovar3" (7, 8, 10), but the3" all interpret the tumors as belonging to the 
granulosa cell tumors, as apparentl3'^ the3’’ have attributed a greater im- 
portance to the function of the tumor than to the morphological conditions 
wliich, as pointed out b3’^ Varangot, displa3'^ such considerable deviations 
from the ordinar3’- structure of the granulosa cells. 

It may be mentioned that during recent 3'^ears the term “folliculome 
lipidique” has been used as a S3’iion3'm for any luteinized granulosa ceU 
tumor (Novak fl6)), but that the papers reported here deal onl3’- with 
tubular tumors identical with Lecene’s original t3qDe. 

Macroscopically the tubular androblastomas are not ver3^ large. The3’’ are 
often of almost spherical shape, solid, of a 3’'ellow color on the cut surface 
and well encapsulated in man3^ cases, with a border of ovarian tissue sur- 
rounding the tumor. 

Histologically, more or less lipidic tubuh with bright vacuolated C3^1in- 
drical cells are seen; where the trabeculae have been cut parallel to their 
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without impairment of the Sertoli or Leydig cells, whereas the secretion 
of F.S.H. is normal. This is taken as a sign that the Sertoli cells regulate 
the gonadotropic activity of the pituitary by means of a secretion product. 

Testis tumors with estrogen effects have often been described in dogs 
(lit., see (15)). The dogs are sexually attractive to other males, the mam- 
mary glands are enlarged, with hypertrophy of the mammary papillae. 
Squamous metaplasia of the epithelium of the prostate and posterior ure- 
thra is usual. The site of estrogen production had not been identified be- 
fore the work of Huggins and Moulder (15) in 1945. They say as follows 
about this question : The germinal epithelium of the gland is certainly not 
its source, as the tumors derived from the germinal epithelium (semino- 
mas) do not cause squamous metaplasia of the prostate. That the Leydig 
cells should produce estrogenic hormone does not fit in with cases where 
interstitial cell neoplasms produce large amounts of the male sex hormones. 
An adult described by Masson (1943 (20)) with a malignant interstitial 
cell tumor had an extremely large titer of urinary androgen but no gyneco- 
mastia. 

The hypothesis that these tumors of the canine testis are derived from 
Sertoli cells is based by Huggins and Moulder on histochemical study 
of the lipoids and estrogen extraction and assay. It appeared that all 
testis tumors of feminized dogs contained large amounts of lipoid — from 75 
to 370 per cent more than normal canine testis. In 3 cases the neoplastic 
cells were arranged in tubular formation, and in 2 others abortive tubular 
formation was present. By definition, the cells of the testicular tubules with 
high lipid content are Sertoli cells. The estrogen content of these lipidic 
neoplasms was found to be considerable; in one of Huggins and Moulder’s 
cases it was equivalent to 0.07 mg. per Kg. calculated as a-estradiol ben- 
zoate, “being twice the content of the ovaries at estrus and one-third of 
the amount in equine testis, the richest known source of estrogen.” Estro- 
gen could not be extracted from a Sertoli cell tumor that had not caused 
feminization. 

When a morphological comparison is made between the Sertoli cell 
tumors in dogs and the feminizing and chiefly tubular androblastoma 
testis in man (Figs. 1 to 5) there can, in spite of all differences {c.g., with 
regard to the degree of differentiation of the cells), be no doubt that the 
cord-shaped and tubular portions of the androblastomas are identical in 
principle with the structure of the Sertoli cell tumors in dogs, just as the 
cells of the cords and tubuli of arrhenoblastomas must be considered iden- 
tical with the Sertoli cells of the testis. The considerable lipoid content of 
the cells in the highly differentiated tubular portions also shows complete 
conformity (compare our Fig. 2 with Huggins and Moulder’s fig. 5). 

Cases of Sertoli cell tumors in dogs, with closely set solid cords without 
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Nature of the hormone-producing cells of androblastomas. 

.\( first glance such an interpretation of lhe.se c.s/ror/c/i-proclucing ovarian 
tumors as tumors originating from a Icslicular blastema or male directed 
cell material may perhaps .seem difTiculf to explain. -In this connection, 
mention should be made of Huggins and Moulder’s demonstration of estro- 
gen production of highly lipidic, often tubular, Sertoli cell tumors of the 
testis in the dog (15). 



Fig. 6. Solid cords of undifferentiated Sertoli cells of virilizing arrhenoblas- 
toma ovarii (c/. Figures 5 and 7). v. Gieson- Hansen stain. X240. 


In 1918 Sand (17) advanced, with his vicario-theory, the view that under 
certain conditions the Sertoli cells take part in the hormone production of 
the testis. 

In 1942 Klinefelter, Reifenstein and Albright (18) described a clinical 
sjmdrome (so-called Klinefelter sjmdrome) characterized b}^ bilateral 
gjTiecomastia, aspermatogenesis without absence of Lej^dig cells, increased 
secretion of F.S.H. and hjmlinization of the tubuli, so that both germinal 
cells and Sertoli cells were involved. These authors supposed that in addi- 
tion to androgenic hormone from the Leydig cells the testis also produced 
another hormone similar to estrin from the tubuli, and thej’" also pointed 
out that inhibition of formation of castration cells is not a phj’siological 
function of testosterone. In conformity therewith the s 3 mdrome described 
bj’’ Castillo, Trabucco and Baize (19) shows absence of germinal epithelium 
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or exclusively, tubular parts (containing Sertoli cells), tlie androgenic effect 
will fail to appear. 

Ovarian tumors with dominance of tubular portions and a simultaneous 
marked accumulation of lipoid in their epithelium — similar to what is 
found in the most highly hormonall}’- active Sertoli cell tumors in dogs — 
must then in advance be expected to exert an estrogenic effect. 

This is just what we find in the cases referred to in the preceding pages — 
cases of tubular ovarian tumors with a high lipid content (metrorrhagia, 
pubertas praecox) which, however, has caused them to be misinterpreted 



Fig. S. Androblastoma testis. Differentiation of cords containing Sertoli 
cells in diffuse androblastoma, v. Gicson-IIansen stain. X240. 


as granulosa cell tumors (folliculomc lipidique (Lccene), granulosa cell 
tumor of tubular or adenomatous type), in spite of the fact that the mor- 
phological structure differs from the usual one characteristic of tumors of 
the granulosa cell group. The histological structure, on the other hand, is 
completely identical with that of androblastoma testis (Figs. 3 and 4). 
Tin other words, owing to the occurrence of both androgen-producing 
Lej'dig cells and estrogen-producing Sertoli cells in the testicular andro- 
blastomas we can also expect to find both androgen- and estrogen-producing 
tumors in the series of homologous ovarian androblastomas. 

This throws light on still another phenomenon which seemed previously 
inexplicable (Pedersen (21)), namely, that the aiulroblastomas .appear to 
be virilizing in women but feminizing in men. 
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distinct adenomatous structure (Fig. 7) are morphologically identical ^^dth 
corresponding parts of arrhenoblastoma ovarii (Fig. 6) and androblastoma 
testis (Fig. 5). 

Thus tumors of the androblastoma series (including the arrhenoblasto- 
mas) may contain two different tj'pes of hormone-producing cells corre- 
sponding to Leydig cells and Sertoli cells (or their precursory stages) with 
production of androgenic and estrogenic hormones respectively (Fig. 8). 

A testicular tumor with complete dominance of Leydig cells and pro- 
duction of androgenic hormone will give an increased output of this hor- 



Fig. 7. Solid cords of Sertoli cells in Sertoli cell tumor of 
canine testis, (c/. tumors of human testis (Fig. 5) and of human 
ovarj' (Fig. 6)). Hematoxjdin and eosin stain. X240. 

mone (as in Masson’s case), but no clinical sj'mptoms of endocrine disease. 
In the ovary, on the other hand, the homologous tumor will be cbnically 
\Trilizing and correspond to tumors which have previously been incorrectly 
described as adrenal cell tumors or luteomas, but which are actuallj’- dif- 
fuse androblastomas homologous to Leydig cell tumors (Teilum (3)). 

The \'irLlizing effect of arrhenoblastomas of intermediary’’ or diffuse ty^pe 
win also be dependent on occurrence and dominance of hormonally^ active 
Leydig cells or their precursory stages. 

It has long been a well-known but inexplicable fact that the most highly- 
differentiated arrhenoblastomas, by which has been imderstood the purely 
or chiefly tubular forms, most frequently have little or no hormonal (f.e. 
virflizing) effect. This is, however, quite simply explained by^ the occur- 
rence of those tyqjes of cell in which the production of androgenic or estro- 
genic hormone respectively is possible. If the tumor tissue contains chiefly^. 
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different hormonal production. The feminizing tubular lipid-cell tumor 
and the virilizing Leydig cell tumor (mistaken in the ovary for ‘‘adrenal 
tumor/’ “luteoma”) both represent highly differentiated, hormone- 
producing androblastomas with dominance of Sertoli cells or Leydig cells 
respectively. In the undifferentiated diffuse forms (so-called sarcomatous 
type) it is, as a rule, impossible to decide whether the cell type represents 
mother cells of Sertoli or of Leydig cells. In a case such as the one reported 
by 0stergaard (26) — chiefly diffuse feminizing testicular tumor, described 
as “presumably aberrant adreno-cortical tumour” — a radiating arrange- 
ment in parts forming small alveoli could, however, in addition to the 
cytological findings, indicate that this was a case of undifferentiated 
Sertoli cell tumor. 

Terminology. 

The term androblastoma (androma) was introduced by me to designate 
a series of tumors in the testis, homologous (and morphologicallj'’ congru- 
ent) with the arrhenoblastoma series defined bj’- Robert Meyer (27), As 
these tumors of the testis were not virilizing, the term arrhenoblastoma 
could obviously not be applied to them. Continued examinations of homol- 
ogous tumors (3) showed, however, that Robert Meyer’s group had to be 
extended so as to comprise also the diffuse so-called “adrenal cell tumors” 

( = Le 3 ’’dig cell tumors) with virilizing effect and the so-called “folliculome 
lipidique” (Lecene, Plate) with estrogenic effect, as they both displayed 
morphological congruence with the testicular androblastomas. Thus the 
histogeneticall}’’ defined series of tumors also comprises tj'^pes of tumor in 
the ovary which, in spite of their origin from male directed material, arc 
not onl}'" without any virilizing effect but, in the case of the purely tubular 
forms, are estrogenic. It seems to me to be consistent to term the whole 
of this group of tumors androblastomas — of tlie ovaiy as well as of the 
testis — and to leave Robert Meyer’s term arrhenoblastoma for the group 
which is, in addition, characterized clinically as virilizing. 

As far as the highlj" differentiated pure, or chiefly pure, forms mentioned 
in the preceding pages are concerned, the terms tubular Sertoli cell tumor 
(15) or ovarian Lej^dig cell tumor ma}' be emploj^ed, but to illustrate the 
histogenesis and the continuit}’’ between the individual forms of differenti- 
ation in the testis and the ovar^’- the term androblastoma seems to be ade- 
quate. 

SUMMARY 

1. In continuation of previous studies on identical tumors of the 
ovary and the testis a morphological congruence is demonstrated between 
the feminizing androblastoma (tubulare lipoicles) testis and feminizing 
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This is simply due to the fact that only androblastomas with preponder- 
ance of estrogen-producing Sertoli cells give rise to clinical sj'mptoms of 
endocrine disease in males, whereas the corresponding tumor of the ovary 
may be either virilizing (in case of dominance of Leydig cells) or feminiz- 
ing — just like the testicular tumor (in case of dominance of Sertoli cells). 
As demonstrated above, it has, however, in the latter case been misinter- 
preted as “folliculome lipidique” or tubular granulosa cell tumor. As will 
be seen, only the heterologous hormonal effect has been recognized clin- 
ically. 

According to these findings it was to be expected that pure, so-called 
“tubular adenomas” of the ovary arc not only clinically without anj' 
virilizing effect, which, as alrcadj' mentioned, is well-known, but would be 
found in a number of cases to be estrogen-producing, like granulosa cell 
tumors; and, again like these, associated with metrorrhagia in some cases. 
An examination of the literature on the subject proves that this is so. Both 
the case described by Pick (1905 (22)) and the one reported bj' Schickele 
(1907 (23)), both cases of tubular adenoma, had marked uterine hemor- 
rhage in the anamnesis, a hitherto completeh’’ unnoticed and also inex- 
plicable symptom in tubular adenoma. 

In this connection mention maj* also be made of a case (reported bj’’ 
Goldberg and Alaxwell (1947 (24)) of bilateral arrhenoblastoma without 
masculinization in a 19-year-old girl presenting a paradoxical picture of 
primar}’- amenorrhea, tall eunuchoid build, large breasts, poorly developed 
external genitalia with rudimentary vagina, congenital absence of uterus 
and cer^^x, absent axillary and scant pubic hair and a high gonadotropin 
titer. Operation revealed bilateral, poorly developed gonadal structures 
composed of tissue gros.sly resembling adrenal cortex, proved to be a highl}* 
differentiated tjqje of arrhenoblastoma. Careful search revealed no e^'i- 
dence of ovarian tissue. It is added that “the source of the estrogens re- 
sponsible for the breast development remains a mystery.” 

The ovarian tumors are identical with the estrogen-producing andro- 
blastoma tubulare lipoides and in all probability responsible for the breast 
development. 

The high lipid content in the tubular hormone-producing androblasto- 
mas in man and dog is in good conformity with Greenblatt, GreenhiU and 
Brown’s (1939 (25)) demonstration of the fact that incretorj^ tumors 
differ from the nonincretor 5 ’^ tumors in that the former have a consistently 
greater phosphoUpid and cholesterol content than the latter. 

According to what has been set forth in the preceding pages, it is incor- 
rect _to consider the tubular androblastoma as the only liighly differenti- 
ated form. The nontubular portions of the androblastomas ma}' contain 
equall}’- differentiated cells, namely Le.ydig cells, but with a qualitative!}^ 
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ovarian tumors, which liavc previously been described as "folliculome 
lipidique” or granulosa cell tumors of tubular or adenomatous type. 

2. These ovarian tumors can thus be classified as androblastomas, i.e., 
tumors originating from a testicular blastema in which a differentiation 
tending in the direction of Sertoli and (or) Lej'dig cells may take place. 

3. The estrogenic effect of androblastoma tubulare lipoides of the 
human ovary as well as of the testis is explained by dominance of tubular 
portions (Sertoli cells) in accordance with Huggins and Moulder’s demon- 
stration of estrogen-producing, lipidic (often tubular) Sertoli cell tumors 
in dogs. Similarly, the hormonal effect of virilizing androblastomas, i.e., 
arrhenoblastomas and Leydig cell tumors (so-called “adrenal cell tumors’’ 
and “luteomas”), is supposed to depend on a dominance of androgen- 
producing Leydig cells. 

4. Through the histogenetical classification of the androblastomas the 
following, hitherto inexplicable, points are elucidated : 

a) That the “most highly differentiated” (i.e., chieflj' tubular) arrheno- 
blastomas have the least pronounced ffrequentl}' lacking) hormonal (i.e. 
virilizing) effect. 

b) The apparently different hormonal effect of the androblastomas in 
either sex (feminizing in males, ^’^rilizing in females). 

c) The hitherto unnoticed condition that the purely tubular testicular 
adenoma of the ovary is often associated with metrorrhagia. 

d) The estrogen effect (development of the breasts) in cases of bilateral, 
3 ’^ellow, purely tubular “arrhenoblastomas” with simultaneous aplasia of 
the genital system, including the ovaries. 
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2) A decrease of hypertension or albuminuria after delivery, if these 
signs had persisted despite therapy up to delivery. 

Women were considered as having “minimal or no edema” when they 
either had no clinical edema at all or had only minimal pitting edema of 
their feet and ankles. Women were considered as having “excessive edema,” 
when their face, hands, and feet were swollen considerably and when they 
showed large postpartum losses in weight. 

METHODS 

All studies on pregnant women were made between the thirt 3 ^-first and 
fortieth weeks of pregnancy. 

Twelve-hour overnight urine samples were collected in bottles containing 5 cc. of 
toluene and extracted within eight hours of the end of the collection. Aliquots of 150 cc. 
of the urine were acidified with 12 N H 2 SO 4 to pH 1 as determined with a glass electrode. 
The aliquots were then immediately extracted once with 300 cc. of redistilled ethjd ace- 
tate and once with 150 cc. of the ethyl acetate. The ethjd acetate extracts were com- 
bined and extracted twice with 90 cc. portions of 0.1 N H 2 S 04 , then twice with 150 cc. 
quantities of 2 N NaOH and then 5 times with 75 cc. portions of distilled water. 

The purified ethyl acetate extracts were then evaporated to dryness in vacuo, the 
surrounding water bath never exceeding a temperature of 42° C. 

The residue was brought into solution with 3 cc. of absolute ethyl alcohol, and corti- 
costeroids were determined, utilizing in the main the procedure of Loewenstein (19). 
This involves cleavage of the 20, 21-ketol side chain of the corticosteroid by oxidation 
with periodic acid, with the release of formaldehyde (20). Formaldehyde is then de- 
termined by the colorimetric method of MacFadyen ( 21 ). 

To the residue dissolved in 3 cc. of absolute ethanol, 20 cc. of water was added, and 
quickb’’ thereafter 4 cc. of the periodate solution (0.01 M KI 04 dissolved in .030M 
H 2 SO 4 solution). The oxidation mixture was immediately shaken and allowed to react for 
20 minutes at room temperature with occasional shaking. 

Then 0.5 cc. of freshly prepared 6 per cent SnCL solution dissolved in 1 : 1 concen- 
trated HCl was added to terminate oxidation. A white precipitate appeared on addition 
of the Sn CI 2 solution. 

The mixture was then filtered through Whatman ^12 paper to prevent turbidity in 
some specimens and a 15 cc. aliquot of the filtrate was placed in a standard 25 X200 mm. 
“NPN” tube. Tlie tube was immersed in a bath of ice water and 20 cc. of concentrated 
112804 was slowly added to the tube. Then 1 cc. of a 7 per cent chromotropic acid solution 
was added and the contents mixed with a footed stirring rod. 

The tubes were then placed in a boiling water bath for 30 minutes, were brought to 
room temperature and the solutions were read in an Evelyn colorimeter, using an 
Evelyn f5G5 filter. 

An aliquot of 150 cc. of distilled water was always carried through the entire anab'tic 
procedure and this solution served as a blank. 

It is realized that this procedure is not necessarily specific for “corticosteroids,” .such 
as the crystalline, physiologically active steroids that have been isolated from adrenal 
glands. Any compound with a free, terminal, vicinal glj'col or In'droxyketone group will 
a!-'o release forinahlcliyde on III 04 o.xidation. Furthermore, it is possible that there arc 
compounds present other than formaldehyde which produce a lavender color when 
treated with chromotropic acid. They are said bx* MacFadyen to be few (21). 
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T he syndrome seen in desoxycorticosterone intoxication is in many 
respects strikingly similar to toxemia of late pregnane}’’ (pre-eclampsia 
and eclampsia). In both syndromes one may find hypertension (1, 2, .3, 4), 
edema (2, 3, 4, .5), and albuminuria (2, 4, 6). 

In both syndromes the hypertension is greatly alleviated by drastic 
dietary sodium restriction (7, S, 9). In both s 3 mdromes the hypertension 
and albuminuria may be markedly increased b}' an excessive sodium in- 
take in the diet (G, 7). 

Excessive DCA administration to animals usually causes atrophj' of 
the adrenal cortex, presumably because of an inhibition of corticotropic 
hormone secretion by the anterior pituitary (10, 11, 12). Paralleling the 
DCA findings, Fauvet found abnormally small adrenals in -u'omen dj’ing 
of eclampsia (13) and reported a decreased concentration of corticotropic 
hormone in the serum of eclamptic •^\'omen (14). 

Women ■v\'ith essential hj'pertension have a greatly increased suscepti- 
bility to toxemia of pregnancy (loa). They are also more susceptible to 
the pressor effects of DCA (16). 

Renal disease wliich produces hj-pertension also increases susceptibility* 
to toxemia. Unilateral neplirectoray (17) and Masugi nephritis (18) in 
animals increase the toxic effects of DCA. 

The foregoing considerations suggested the possibilit}* that toxemia of 
pregnancy* may be related to an increased concentration of desoxy*corticos- 
terone-like steroids in the body* fluids or cells. Therefore, urinary* cortico- 
steroid excretion was measured in normal and toxemic pregnant ■women. 
Determinations were also made on normal indmduals and on patients 
■\rith essential hy*pertension. 

Criteria for clinical classification 

The following criteria were satisfied before the diagnosis of pre-eclampsia 
was made: 

1) The occurrence in late pregnancy* of a definite increase in diastolic 
blood pressure or proteinuria over the pre-pregnant level. 

Received for publication August 5, 1948. 

* This work vas aided by a grant from the John and Mary Alarkle Foundation. 


319 



322 


LOUIS TOBIAN, JR. 


Yohtmc 0 


to be a sound addition to this method and it is planned to adopt this feature in future 
determinations. However, even without the distillation it appears that our procedure 
analyzes essentially the same compounds as Daughaday and co-workers (23), since our 
normal values are almost identical with theirs. 

With periodic acid treatment, each mole of corticosterone or desoxycorticosterone 
yields 1 mole of formaldehyde. We have arbitrarily chosen to express our results as milli- 
grams of desoxycorticosterone excreted per 12 hours. This figure is arrived at by multi- 
pljdng the milligrams of formaldeh 3 ^de found, by a factor 11.0, since a mole of desoxj'- 
corticosterone weighs 11.0 times as much as a mole of formaldehyde. 


EXCRETION OF FORMALDEHYDOGENIC CORTICOSTEROIDS BY 
SEVERAL CLINICAL GROUPS 
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Fig, 1 

Following the .sugge.stion of Daiighaday ci al. (24), the cortical .steroids 
will be called “formaldehydogcnic corticosteroids” throughout the rest of 
the paper. To .<;ave space this will usually be abbreviated to ”HCHO” 
corticosteroids. 

IlESULTS 

.Vccording to the data presented in Table 1 and Figure 1, normal preg- 
nant women in the last trimester e.xcreteil about twice as much “HCHO” 
I'ortico'teroid per 12 hours as normal non-pregnant women. 

'I’he results also siiow that 2 of the 3 women witli twins e.xcretcd <'on- 
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Because of this possible nonspecificity, it was thought that any simple procedures 
which would remove contaminating substances from the final residue without greatly 
diminishing the neutral corticosteroids would be desirable additions. For this reason the 
acid and alkali washes of the ethyl acetate c.vtracts were included in the procedure. 

Ethyl acetate was chosen for a solvent because it will more readily extract polar, 
highly hydroxylated corticosteroids such as 17-hydroxycorticosterone or steroids with 
solubility properties like the sodium-retaining steroid recently isolated by Thatcher and 
Hartman (22). Moreover, its low density compared to water facilitates washing (in con- 
trast to chloroform). 

Bj‘ extracting with relativelj' large volumes of ethyl acetate, emulsions were avoided, 
even in urines containing considerable protein. 

The color interference mentioned by Daughaday el al. (23) was not encountered, and 
it is possible that the interfering substances were removed in the alkali washes, which 
were seen to extract a brown pigment from the ethyl acetate fraction. 

The formaldehyde distillation procedure described by Daughaday et al. (23) appears 


T.\ble 1. ExcnETiox or Form.^ldeiivdogenic Cokticosteroids (mg./12 hrs.) 
BY Pregx.vnt .\xd Nox-rREGN'.A.xT Fem.vles 


Normal 

women 

Normal pregnant 
women with 
minimal or 
no edema 

Pre-eclamptic 
women until 
minimal or 
no edema 

I 1 

Pregnant 
women with 
excessive 
edema but 
without 
hypertension 
or albumi- 
nuria 

Pre-eclamptic 
women with 
excessive edema 

.27 

.54 

! .77 

1.31 

.95 

.33 

.60 

1 .85 

1.47 

1.04 

.35 

.73 

.86 


1.07 

.45 

1 .75 

i .87 


1.23 

.47 

.53 

.54 

.55 

.77 

.87 

.SS 

.91 

.96 

i 

1 

1 


1.26 

1.32 

1.39 (twins) 
1.46 

.56 

.94 


1 

1.48 

.66 

1.0 

1.01 

1.05 

1.07 

1.08 

1:13 

1.15 

1.18 

1 .40 (twins) 


1 

1 

1.57 

1.76 

2.06 (twins) 

1 

Mean 

1 




.47 

.95 

.86 

1.39 

1-38 
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Table 4 


Difference between 

means 

Standard j 
error of 
difference 
between 

means 

T value 

Odds against the observed 
differences between means 
being due to chance 

Group II-Group I 

j 1 



.908-.471 = .437 

.084 

5.2 

2,000,000 to 1 

Group Ill-Group II 

i 

! 



1. 327-. 908 = .419 

.145 

2.89 ' 

250 to 1 


value. In Table 2, all the toxemic women with a single fetus and a rouglily 
equivalent amount of excessive edema are divided into three clinical groups 
in ascending order of clinical severity as judged by the degree of hyper- 
tension. The values in the table show tliat increasing levels of blood pres- 
sure in toxemia are not associated with increased “HCHO” corticosteroid 
excretion. 

On the whole tlie data indicate that late pregnancy itself is associated 
with an increased ''HCHO” corticosteroid excretion, wliich is even further 
increased in women liaAdng excessive edema in late pregnancy. 

Table 3 shows the mean “HCHO” corticosteroid excretion, with its 
standard deviation, for each of these three groups; 1) normal non-pregnant 
women, 2) all pregnant women with minimal or no edema, and 3) all preg- 


Table 5. Excretion of Formaldbhydogenic Corticosteroids (mg./12 hrs.) 
BY Norsial and Hypertensive Subjects 


Normal 

women 

1 

1 

H 3 ’-pertcnsive 

women 

Normal 

men 

Hj'^pertensive 

men 

.27 j 

.32 

.62 

.49 

.33 

.33 

.65 

.49 

.35 

.36 

.78 

.56 

Ox 

.45 

1.15 

.59 

.47 

1.50 



.53 




.54 




.55 



1 

1 

,5G 

1 



.GG 

1 ! 

i 1 

1 


Mean .47 

.59 

.80 

.53 
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T.\nu; 2. FonMAi.DniiYnnnKNic Couticosti:iioii) Excuktion (Mr,./12 iius.) of Pni;G- 
XAXT ^VoMr,^■ ^vlT^ EqriVAi.r.xT Amounts (»f Excf.ssivf, Eokma and VAnYiNC. De- 

GUEES OF PuE-ECEAMPSIA (WOMEN WITH TWTNS NOT INCLUDED) 


Mild prc- 
cclamptics 

Modcr.atc prc- 
cclamptics 

Severe pre- 
cclamptics 

1.07 

1 .04 

.95 

1.20 

1.23 

1.70 

1.32 



1.40 



1 .48 



1.57 



Ale.an 1 .30 

1.14 

1.30 


siclerably more “corticosteroid” tliau any .single-fetu-s woman in her clin- 
ical group. 

The mean corticosteroid excretion of Avomen Avith toxemia and excessh'e 
edema AA-as about 45 per cent greater than that of the normal pregnant 
AA’omen AA’ith minimal or no edema. 

HoAA'CA’er, the corticosteroid excretion of toxemic women without ex- 
cessh'e edema AA-as no greater than that of normal pregnant women AA-ith- 
out edema. 

Tavo cases of so-called “excessiA-e edema of pregnancy” without hj'per- 
tension or albuminuria shoAA-ed an increased excretion A-alue similar to that 
seen in women with excessh'e edema and toxemia. 

In cases with equh'alent amounts of edema AAe found no correlation be- 
tAA’een the blood pressure leA'el and the “HCHO” corticosteroid excretion 


Table 3 


Group 

No. 

Type of 
subject 

No. in 
group 

AA’erage 

formaldeliA-dogenic 
corticosteroid 
excretion 
(mg./l2 hrs.) 

Standard 
deA-iatipn 
of groups 

I 

1 

Normal non-pregnant 
women 

10 

0.471 

.199 

II 

Pregnant women Avith 
minimal or no edema 

22 

0.90S 

.262 

III 

Pregnant women Avith 
excessiA'e edema 

12 

1.327 

.464 

i 
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Relationship betiveen “HCHO” corticosteroid excretion 
and the adrenal cortex 


The ''HCHO” corticosteroids measured were excreted and may very well 
not have been secreted in the body as such. They may be only the metabo- 
lites of steroid hormones which are actually secreted. 

However, others have shown that in the non-pregnant individual the 
“HCHO” corticosteroid excretion level is a valid index of the secretion 
rate of adrenal cortical hormones, such level being elevated in Cushing’s 
syndrome and other h 3 rperadrenal states and being decreased in Addison’s 
disease (24). In support of this we found a very high excretion of “HCHO” 
corticosteroids (1.7 mg./12 hrs.) in a man with a severe burn, a con- 
dition which is usually accompanied by adrenal cortex hypersecretion (25). 

The maternal adrenal cortex is hj'^pertrophied and richly laden with 
lipoids in late pregnancy. Venning has reported sizable increases in the 
secretion of “glycogenic corticoids” (26) and phosphomolj’^bdate-reducing 
lipoids (27) in that stage of pregnancy. These findings indicate that tlie 
maternal adrenal cortex is veiy likely in a state of hypersecretion in lale 
IDregnancy and is probably the source of a large fraction of the increased 
“HCHO” corticosteroids we found to be excreted at that time. 

There is no direct evidence that any endocrine gland other than the 
maternal adrenal cortex contributes to the “HCHO” corticosteroids formed 
in the urine. However, it has been reported that women with Addison’s 
disease experience a marked relief of symptoms in the last months of 
pregnancy (28, 29). Their need for substitution therapy diminishes or 
disappears altogether, only to return at the termination of pregnancy 
(30). These findings suggest that in late pregnancj'-, sources other than 
the maternal adrenal cortex normally show an increased secretion of sub- 
stances whose effect is similar to that of the adrenal cortex hormone. It 
is quite possible that these corticomimetic hormones may partially con- 
tribute to the increased “HCHO” corticosteroids excreted in late pregnancy. 
Studies of the “HCHO” corticosteroid excretion in pregnant women with 
Addison’s disease would furnish valuable information concerning this 
possibility. 

Relationship of '‘HCHO” corticosteroid excretion 
and prc-cclamplic hypertension 


The “HCHO” corticosteroid excretion could not be correlated with in- 
creases in l)lood pressure seen in pre-eclampsia. However, the findings do 
not exclude tlie possibility that a steroid not inesaured by this method 
may be fundamentally important in the causation of tlie hypertension and 
albuminuria of j)rc-eclampsia and eclampsia. 

It i"- not known what effect the tlccreased glomerular filtration often 
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nant Avomeii with excessive edema. Since twin pregnancy probably in- 
creases the “HCHO” corticosteroid excretion and constitutes a separate 
variable, all women with twins were excluded from these groups. The 
mean “HCHO” corticosteroid excretion of Group III was 46 per cent 
greater than that of Group II. 

Table 4 shows the difference between the means of Groups I and II and 
of Groups II and III, along with the standard error of these differences, and 
the odds against the observed differences being due to chance. We believe 
that the observed differences between these means are significant. 

Figure 1 and Table 5 show the "HCHO” corticosteroid excretion value 
in hypertensive men and women as well as in normal men and women. 
Except for one h}T)ertensive female, the patients with essential hjTier- 
tension had no greater “HCHO” corticosteroid excretion than normal sub- 
jects. 

DISCUSSION 

Rclatioriship between edema of pregnancy and the extra “HCHO" 
corticosteroid excretion associated with edema of pregnancy 

De.xter and Weiss made a very careful and excellent clinical study of 
the edema associated with pregnancy. They concluded that “the etiology 
of the generalized edema of pregnancy cannot be explained bj' the well 
recognized mechanical causes of edema formation such as increased hy- 
drostatic pressure in the capillaries, increased capillary permeability to 
protein, or hjTJoproteinemia. The edema is not due primarily to cardiac 
failure, anemia, vitamin Bi deficiency, mjTcedema, or excessive ingestion 
of sodium salts, although many of these factors may at times play an im- 
portant secondary role. By exclusion, a primarj’^ humoral etiologj”^ is sus- 
pected” (15b). 

Earlier in this paper it was pointed out that DCA and other adrenal 
products can cause sodium retention and edema (1, 2, 3, 4, 5, 8, 16). We 
have also shown in the preceding section that pregnant women with edema 
have an increased excretion of “HCHO” corticosteroids. These interrelated 
facts strongly suggest that the extra corticosteroids or their precursors are 
the actual cause of the sodium retention and edema. 

This concept cannot be considered as proved until aU the actual hor- 
mones secreted during pregnancy and their metabolites have been identi- 
fied and assayed. There may be other substances with edema-forming 
properties that are present in extra large amounts in edema of pregnanej’^. 
Certainly increased excretion rates of estrogens and pregnanediol are not 
associated with edema of pregnancy. 
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seen in pre-eclampsia has on (he renal clearance of the “HCHO” corticos- 
teroids. 

RcJolionship of “HCHO" corticosteroid excretion and essential hypertension 

"HCHO” corticosteroid excretion was also not abnormal in most 
patients with essential hypertension. This is fairly good evidence against 
marked adrenal cortex hypersecretion in most patients with essential 
hj'pertension. However, it does not exclude the possibilities that 1) small 
increases in adrenal cortex secretion or 2) normal rates of secretion with 
alteration in the metabolism of the hormone after is is secreted, may be 
importantly involved in the pathogenesis of essential In^pertension. 

SUMMAKY 

1. Corticosteroid excretion in urine was estimated by a modified Loe- 
wenstein method. 

2. Pregnant women in the last trimester excreted twice as much corticos- 
teroid as non-pregnant women. 

3. Pregnant women with exce.s.sive edema excreted about 46 per cent 
more corticosteroid than pregnant women with minimal or no edema. Tliis 
difference is statistically significant. 

4. The extra corticosteroids associated with edema of pregnane}’- or 
their precursors may perhaps be the cause of the renal retention of sodium 
and water producing the edema. 

5. Women with twins showed a greater corticosteroid excretion than 
women with a single fetus. 

6. The level of corticosteroid excretion could not be correlated -ndth the 
elevation of blood pressure seen in pre-eclampsia. 

7. Most patients -n-ith essential hjTiertension showed a normal corticos- 
teroid excretion. 
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INTKODUCTION 

T he new methods of treating hyperthyroidism with the antit]]30-oid 
drugs and radioactive iodine represent no fundamental change from 
the ancient methods of attack upon the disease. Tliey are, respective!}", 
merely forms of chemical and radiation thyroidectomy and, therefore, are 
no more functional than the method employed our grandfathers of 
destroying the thyroid by the injection of boiling water. 

The ideal treatment for hyperthyroidism would be based on a knowledge 
of the disorder causing the disease and a procedure to correct that disorder, 
returning the thyroid to its normal position in metabolic physiology rather 
than removing it from the endocrine chain. The possibilit}^ of such a solu- 
tion is clinically demonstrable ( 1 ). For example, in the case of Mrs. L., 
shown in Figure 1 , a puerperal h3'’perth3’-roidism of severe and unmistak- 
able degree disappeared during the endocrine reaction induced b}'’ weaning 
her baby. A similar restoration of normal relations is sliown in Figure 2 , 
in which Miss Grace DeF. with moderatel}'^ severe hyperth3n’oidism re- 
turned to normal after a few injections of chorionic gonadotropin. 

PATHOLOGY 

The antith3"roid drugs derived from thiouracil do not seem to promote 
a restoration to normal but rather exaggerate the pathology of the disease, 
while parado.xicall}" frustrating the formation of an increased amount of 
th3"roid hormone. The intense hyperplasia resulting from the prolonged 
use of prop3"lthiouracil is well illustrated in Figure 3 , which shows a .speci- 
men taken from the gland of a patient wlio had received the drug for 
eight months (Mi.ss L. S.). The small accumulation of colloid is due to the 
preoperative use of iodine: otlierwise, as has been well shown b}" othcr.s, 
no colloid would be seen. Tlie patholog}" resulting in this case ma}" well he 
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related to the fact that the disease in this patient was not controlled. The 
elevated blood iodine and the symptoms of thj'-rotoxicosis persisted even 
during the prolonged use of the drug (Fig. 9). It is conceivable that in 
patients cured by propylthiouracil a return to normal th 5 U’oid histology 
would be seen, but since in such cases no thyroidectomy is performed the 
opportunity to study the gland does not occur. The possibility that this 
involuted condition of the gland might be generally found is indicated in 
one case reported by Frisk (2). 



Fic. 3. Tliyroid tissue removed at operation from Miss L. S. after eisht months’ ad- 
ministration of large doses of propj'lthiouracil. Iodine was administered for several weeks 
prooporatively. Intense hyperplasia and desquamation are shown (case II, Fig. 0). 

PKOCEDUHE 

Serum ])rotcin-boimd iodine' wn.s determined .several lime.s before begin- 
ning treatment. Propyltliiouracil- in do.sage ranging from 50 mg. three 
titiK's daily to 150 mg. four time.s daily was given to a .seric.s of patieiit.s 

* In the j)re'ent study, protein-hound blond iodine was tlctormined throughout by 
Doctor A. I- (’h:\ney, (llendale, California. 

• I’ropvltirnnira.cil (“ I’robacil") was generously provided ijy Doctor .Stanton .'b 
Hardv, Medics.! Director, I.ederle Laljoratorie'. 
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Fig. 1. (Case 1). Mrs. A. L. Example of remission of hyperthy- 
roidism coincident witli cessation of lactation and return of men- 
struation. (Reprinted from Starr, P., and Pomerenze, H.: Ann. Int. 
Med. 15: 22G-244 (Aug.) 1941. (1). 



Fig. 2. (Case 2). hliss G. DeF. Example of remission of hj'per- 
thyroidism coincident with treatment with chorionic gonadotropin 
and theelin. (Reprinted from Starr, P., and Pomerenze, H.: Ann. Int. 
Med. IS: 226-244 (Aug.) 1941. (1). 
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liaving all varieties of h 3 '^perthyroidism. During the first montli, protein- 
bound blood iodine determinations were made at short intervals for the 
purpose of determining the rate of fall in proportion to the dosage given. 
The results of this study are shown in the following section. The drug was 
then continued indefinite!}^; patients reporting once a week for clinical 
estimation and differential white blood count. The progress of the treat- 
ment was followed chiefly with determinations of protein-bound blood 
iodine, as is shown in Figures 7, 8, and 9. After several months of normal 
blood iodine values and clinical control of the disease, the drug was dis- 
continued and the reaction of the patient was followed, chemically and 
clinicall3^ 

CLINICAL RESULTS 

Forty patients have been treated or have been under treatment since 
January, 1947. The summar}^ of findings in 28 such cases is shown in Table 
1. It is to be seen that in 7 of the 28, or about one-fourth of these patients, 
tlie disease was uncontrolled, i.e., the protein-bound blood iodine was not 
within normal range nor were their clinical s^miptoms in abe 3 "ance. These 
uncontrolled patients had the following levels of protein-bound blood 
iodine and of prop 3 dthiouracil dosage : 

Duration of Dailj' Level of protein-bonncl 

Patient therapy dose iodine in serum 

(months) (mg.) (micrograms %) 


.I.H. 

15 

150 

above 

9 

O.H. 

2 

GOO 

above 

12 

W.N. 

4 

150 

above 

S 

P.R. 

3 

200 

above 

9 

L.S. 

S 

300-G00 

above 

10 

.M.C. 

2 

200 

above 

9 

B.C. 

10 

300 

al)Ove 

9 


'"I'he a\-erage duration of treatment of the entire series was si.\ and one ])nlf 
months, ranging from two to fifteen months. The dosage of ])rop 3 'lthionra- 
eil ranged from 1.50 to GOO mg. daih'. 


Toxinl;/ 


'fox-icit}'. as imlieated ])}• differential blood counts, developed at 
lime in 0 of tin' 40 {)atients. i.e.. 1.5 per cent of tliis small series. Jlie 
blood counts in tliese cases are shown in 'table 2. 

In no ras<‘ was the drug di-cont inned because of leukojtenia. 


some 

white 


Ri'ldfiuv 

I'iuuit'- 4. 


'I'll of inuraril rind profeiu-lioitiiid iofitttc tii .'u runt 

'> atid ti show the blood iodine in j)atients gi\’en 150, 30ft and 


TAIUiK 1 


P:\licnt 

Propylthiouracil 

Dura- 
tion of Daily 
treat- do?c 
incut (niR.) 
(mouths) 

Prc.scut 

clinic.al 

condition 

Toxic 

reaction 

Remarks 

I.B. 

11. 

200 

Controlled 

9 

No rclap.se when treatment 
discontinued after 11 mo. 

D.C. 


300 

Controlled 

0 

Treatment continued. 

M.C. 

2 

200 

Uncontrolled 

0 

Changed to methylthioura- 
cil after 2 mo. 

B.C. 

10 

300 

Uncontrolled 

0 

Treatment discontinued. 

K.D. 

7 

150 

Controlled, with 0 

PBl* below 5, for 

4 mo. 

Treatment continued. 

M.D. 

9 

300 

Controlled 

0 

Relapse when treatment 
discontinued after 9 mo. 

E.D. 

C 

300 

Controlled 


Treatment continued. 

E.F. 

9 

300 

Controlled, with 0 

PBI below 5, for 

2 mo. 

Relapse when treatment 
discontinued after 9 mo. 

G.G. 

2 

GOO 

Controlled 

0 

Treatment continued. 

L.G. 

11 

200 

Controlled 

incompletely 

0 

Not cured. 

J.H. 

15 

150 

Uncontrolled 

0 

Unchanged. 

O.H. 

2 

GOO 

Uncontrolled 


TluToidectomv. 

V.L. 

9 

600 

150 

Controlled 

Uncontrolled 

Leukopenia 

Thyroidectomy. 

H.L. 

S 

200 

Controlled 

0 

Treatment continued. 


2 

300 

Uncontrolled 

0 

ThjToidectomy. 

\\ .Is. 

4 

150 

Uncontrolled 

0 

Thyroidectomy. 

B.P. 

14 

300 

Controlled 

0 

Relapse when treatment 
discontinued after 14 mo. 

E.P. 

1 

600 

V 

Leukopenia 

? 

P.R. 

5 

2 

400 

600 

Partial control 
Controlled 


Thyroidectomy. 

C.R. 

10 

300 

Controlled 

0 

Treatment continued. 

ij.iS. 

8 

300 

Controlled 

0 

ThyToidectomy. 

AI.S. 

9 

200 

Controlled 

Leukopenia 

Relapse when treatment 
discontinued after 9 mo. 

AI.D.S. 

9 

300 

Controlled 

0 

Treatment continued. 

L.T. 

12 

300 

Controlled 

0 

Treatment continued. 

b.T. 

8 

150 

Controlled 

0 

Relapse when treatment 
discontinued after 8 mo. 

R.W. 

4 

300 

Controlled 

0 

Treatment continued. 

T.W. 

4 

600 

Controlled 

Leukopenia 

Died. 

K.Y. 

9 

200 

Controlled 

Leukopenia 

Relapse after treatment had 
been discontinued for 9 
mo. Controlled when 
treatment started again. 


* ProtGin-KoimH Klnrifl inHv 
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Fig. 5. Serum protein-bound iodine values in 11 patients 
given 300 mg. propylthiouracil per day. 



Fig. 6. Serum protein-bound iodine values in 13 patients 
given 600 mg. propylthiouracil per day. 





April. 1.0',!) PUOl'YLTIIIOUUAC’IL IX IIYI’KUTHYKOIDI^M 3:i5 
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mrdiention 
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1 000 

i 


•OSAO— Oin 
.'.«oo— ann 

1 R 
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r.oo 
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000 me. d.aily 

K.Y. 
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' IM 

) 

1 

TC.'.0— con 

. 

DB 

7 w^rk* 

(7300-5C':7) 

200 

Medication not 
interrupted 


600 mg. per day respectively. It is to be seen from the average iodine 
curves that there is no striking difference in the immediate reaction to the 
drug, although in a few instances lower levels are reached in the 600 mg. 
dose series. Even with 600 mg. per day, the average blood iodine, of the 
group does not reach a normal level. 



Fig. 4, Serum protein-bound iodine values in 9 patients 
given 150 mg. propylthiouracil per day. 
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Fig. 8. Serum protein-bound iodine values in 4 patients under treatment with propyl- 
thiouracil. Note maintenance of high values in Case 8 and Case 5, normal values in 
Case 6, and the acute relapse in Case 7 after 9 months of successful treatment. 



Fig. 9. Serum protein-bound iodine values in 4 patients. Note high values in case 11, 
in spite of large dosage. Acute relapse occurred in the remaining 3 cases, even when con- 
trol had been very satisfactory for 9 months, as in Case 12. 
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Ecsulis of prolonged trcalmcnl 

The rcsvilts of prolonged treatment arc shown in Figures 7, 8 and 9, in 
wliich the individual protein-bound iodine determinations of each patient 
are shown chronologically. It is to be seen that in a few eases continuous 
treatment over long periods of time did not control the protein-bound 
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Fig. 7. Serum protein-bound iodine values in 5 patients (dotted lines indicate dis- 
continuance of medication; single lines, usual medication of 300 mg. propjdthiouracil 
daily; double lines, 600' mg. propylthiouracil daily). Cases 1 and 2: treatment continued 
to date. Case 2: relapse after 4 months of treatment. Case 3: relapse after 14 months of 
treatment. Case 13: relapse after 13 months of treatment. (In this and subsequent 
figures, “Rx c” means “treatment with”). 

iodine, even though the dosage was large, whereas in other cases a low 
level was found even though the dosage was relatively small (compare 
D. T. and L. S. in Fig. 9). 

It is e^ident from a study of the indiAddual curves in Figures 7, 8 and 9 
that the daily amount of propylthiouracil required to keep the protein- 
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This would indicate that instead of 85 per cent, less than | have been 
demonstrated to have a prolonged remission. Frisk (2) states that of 126 
patients given prolonged treatment with methylthiouracil, a drug which is 
as strong as propylthiouracil, 18 patients or approximately 14 per cent were 
found to have a prolonged remission of at least eighteen months’ duration. 

If a medication will induce a prolonged, if not permanent, cure of 
hyperthyroidism in 85 per cent of patients with hyperthyroidism, even 
though a year’s treatment is involved, general use of the drug for this 
purpose is warranted in spite of the possibility of some drug intoxication. 
If, on the other hand, only | or fewer of the patients receive lasting benefit, 
it would seem that use of the drug in prolonged therapy is unwarranted. 

Although the granulopenia in our patients was not severe and was not 
accompanied by oral or systemic signs of agranulocytosis, we feel that a 
drug which will cause mild bone marrow depression in so many cases must 
be used with caution and that it may cause much more dangerous reac- 
tions in some cases. Close clinical. observation is therefore required while 
the drug is in use. 

SUMMARY 

1. Hyperthyroidism was controlled in 21 of 28 patients for from one to 
ten months during the administration of from 150 to 600 mg. of propyl- 
thiouracil daily. 

2. The disease was not completely controlled, as indicated by abnormal 
serum protein-bound iodine levels in 7 of 28 patients, 

3. Granulopenia, evidenced by polymorphonuclear percentages ranging 
from 14 to 48 per cent, was found in 6 patients out of a total of 40 patients 
to whom the drug was given, indicating a toxic effect on the bone marrow 
in 15 per cent. Medication was not interrupted in any patient because of 
this observed granulopenia. 

4. The initial fall of protein-bound blood iodine during the first twenty- 
four days of treatment was not significantly greater during therapy with 
600 mg. of propylthiouracil a day than with 150 mg. a day. 

5. A relapse, judged by both clinical and chemical findings, occurred in 
nearly every case in which the drug was discontinued, even when control 
had been complete chemically for as long as ten months. 

CONCLUSION 

Propylthiouracil can be used to control hyperthyroidism. 

It is frequently ineffective. 

It usually will not induce a permanent remission following even pro- 
longed use. 

It may produce granulopenia in about 15 per cent of patients. 



April in^n 


PHOPYLTHIOrnACII. IX llYPKRTlIYPOiniSM 


330 


bouml ?ci'um iodine at low levels varies considerably from one patient, to 
the. next. For examples, in one. jiatient a small dose sncb as 100 mp. per 
day will keep the iodine level low (D.T., No, 0, Fig. 0), whereas in another 
patient GOO mg. per day will not do .m) (L. S., No. 1 1. Fig. 0). 

Ecmisi^ioni^ 

Permanent remissions have not been obtainetl when the medicine was 
discontinued after several months of satisfactory control. Even though the 
disca.'^e was apparently well snp])resscd and the i)rotein-bound blood iodine 
was at a low level, discontinuance of the drug was followed by immediate 
relapse. 

For example, in E.F. (No. 2, Fig. 7) the blood iodine was easily main- 
tained below 5 micrograms per cent for two months, with immediate re- 
lapse on omi.«sion of medication. She is still taking propylthiouracil and 
shows a blood iodine level of 4. .5 mg. per cent in the ninth month of treat- 
ment. Aliss D.T. (No. 0, Fig. 9) has had a relapse twice after control of the 
disease, indicated by blood iodine values below G and below b micrograms 
per cent re.spectivcly. i\Ii.ss AI. S., Mrs. K. Y., Mrs. I. B., Mrs. B. P., ]Mi.ss 
and ?vlrs. L.T. have each had relapses after 4-2, 5, 6, 6, 6 and 8 
months of normal blood iodine findings. Thus, every patient in this series 
has had a relapse on discontinuance of the medication (Figs. 7, 8 and 9) 
with the po.?sible exception of I. B. (Fig. 7). 

DISCUSSION 

Our experience with propylthiouracil would seem to show that the 
amount of circulating thyroid hormone, as represented roughly by the 
protein-bound serum iodine, can be reduced in most cases of 11511611113'- 
roidism. The use of the drug, therefore, in preparation for a secondar3^ 
destructive procedure to interrupt the disease (th3Toidectom3'), is justi- 
fied. Its use as a prolonged treatment in the hope that the disease will be 
cured or that an indefinite remission will be induced seems unjustified 
from this stud3^ 

The proportion of cases in wliich a prolonged remission or cure can be 
induced b3'- prop3dthiouracil is extreme^ important. Different authors 
report different results. E. B. Astwood (personal communication) finds 
that 80 per cent of his patients have lasting remissions after discontinuing 
prop3dthiouracil. He emphasizes that “a state of h3i3oth3Toidism must be 
maintained for some months in order to obtain tliis result.” Williams (3), 
reporting on thiouracil, a weaker antith3'Toid drug than prop3dthiouracil, 
states that “of 111 thyrotoxic patients who were treated with thiouracil 
and had a cessation of therapy, 51 are in remissions that have lasted for 
3 to 31 months ... 33 have remained well for more than eighteen months.” 



THE USE OF TRACER DOSES OF RADIOACTIVE 
IODINE, IN THE STUDY OF NORMAL AND DIS- 
ORDERED THYROID FUNCTION IN MAN*t 
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CHARLOTTE SCHMIDT, A.B. 

From the Departments of Medicine and Radiology, College of Physicians and Svrgeons, 
Columbia University and the Presbyterian Hospital in the 
City of New York 

T his report presents the results of a fact-finding survey concerning 
the uptake by the thyroid of tracer doses of radioactive iodine of mass 
131, eight day half-life, during normal and disordered thyroid gland func- 
tion in man. This type of study is made possible by the inability of the 
animal and human organisms to differentiate between the several isotopes 
of iodine. Thus the radioactive isotopes of iodine are concentrated in, and 
leave the thyroid gland, in the same manner as the stable form (1, 2). 
The natural disintegration of the radioactive material produces both 
gamma and beta rays (3). The beta rays are absorbed within 2 millimeters 
of tissue. The gamma rays pass through the skin and can be detected 
readily by a Geiger counter, thus providing a means of determining the 
presence of the isotope and its actual concentration, and serving as an 
indicator of the behavior of stable iodine within the body. The highly 
localized radiation delivered by the beta rays, and the lesser contribution 
of the gamma rays, have been taken advantage of for therapeutic purposes 
C4, 5, 6, 7). . 

In the latter half of 1946, the United States Atomic Energy Commission 
released for investigative purposes, radioactive iodine of mass 131 (eight 
day half-life) from the atomic pile. The material became available to the 
authors in October 1946 and was used to assess its value in the therapy and 
diagnosis of toxic goiter. The latter part of the study was soon extended to 
a variety of clinical conditions in an attempt to evaluate the usefulness of 
this particular activity of the thyroid gland, iodine uptake, as an index 
of over-all thyroid function. 

METHODS 

Radioactive iodine, I^^h obtained from the Clinton Laboratories, Oak 
Ridge, Tennessee, was used throughout the study. Activity was deter- 

Received for publication August 20, 1948. 

* Presented before the Thirtieth Annual Meeting of the Association for the stud}^ of 
Internal Secretions, Chicago, June 19, 1948. 
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widely, though the majority were within the range of plus 15 to minus 
15 per cent and all patients Avere euthyroid clinically. The radioactive 
iodine uptake of the thyroid at 24 hours has a range of .7 to 49 per cent of 
the tracer dose. If a normal range of uptake is arbitrarily set with an upper 
limit of 35 per cent, 51 of tlie 57 cases, or 91 per cent are included. Six of 
the 57 cases, or 9 per cent are found above tliis range. If the upper limit 
is set at 40 per cent uptake, 2 in 57, or only 4 per cent of the cases exceed 
this point. The Amlues exceeding the normal limits overlap with the lower 
levels of uptake found in toxic goiter, but the overlap is less for the 35 
per cent limit, as will be seen subsequently. 


Table 2. Radioiodine Uptake in Hypekthvroidism 



Toxic diffuse goiter 


Per cent uptake 


Recurrent after 

Toxic 

nodular 

goiter 

at 24 hrs. 

Primary 

treatment by 


J131 

Surgery 


50- 

48 

9 

i 


40-49 

9 

5 

8 

7 

35-39 

2 

2 

1 

1 

30-34 

1 

1 

1 



1 

1 



10-19 


2 



0-9 






In this group the effect of age is significant. One instance of uptake less 
than 10 per cent was noted in a normal subject aged 72. All but one of the 
uptakes in the lowest normal range of 10 to 15 per cent uptake, and the 
one uptake below 10 per cent just mentioned, occurred in women 40 
years of age or more. 

B. In hyperthyroidism. 

1. Patients with active hyperthyroidism. A group of 97 cases of toxic goiter 
has been studied (Table 2) . These have been divided into toxic diffuse and 
toxic nodular goiter. The former group has been subdivided into primary, 
or untreated cases and those that were recurrent despite therapy by 
either operation or radioctive iodine. A similar range of uptake is noted in 
all groups except in the one in which hyperthyroidism recurred after 
treatment with radioactive iodine. For the toxic group as a Avhole, 91 
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mined on receipt of the material, by means of a Geiger counter standard- 
ized according to the millieuric established by Marinelli from ionization 
chamber measurements at the Memorial Hosjiital (S). Variable standard- 
ization procedures arc in use in dilTerent laboratories so that discrepancies 
of the order of 100 per cent may occur in estimating a millieuric of radio- 
active material and this factor must be taken into account in comparing 
the reports of difTcrent institutions. Tracer doses of 1'^* without significant 
amounts of stable iodine (carrier) were given by mouth in the nonfasting 
state. Doses of between 40 and 100 microcurics were used, the smaller 


Taiiu: 1. RADioioniNK Uptakk in EuTiiYuoinisM 


Per cent uptake j 

Control 

at 24 hrs. | 

subjects 

r)0- 

40-49 

2 

35-39 

4 

30-34 

S 

20-29 

24 

10-19 

IS 

0- 9 

1 


amount given being routinely in the later studies. Radioacti^*ity in the 
thj'roid gland was measured with a Geiger counter placed at a standard 
distance of 15 centimeters from the neck, with the thyroid isthmus as a 
center, and with the head and neck in a special holder. A wide counter 
aperture was designed which permits the accurate measurement of radia- 
tion from an area of the neck measuring 15X10 cm., sufficient for all 
except extremeb’^ large goiters. Measurements of uptake were made at the 
end of a 24:-hour period. All patients were studied after complete medical 
work-up or after operation. No treatment was given prior to testing, ex- 
cept when mentioned. 

RESULTS* 

A. In control patients with euthyroidism. 

Fifty-seven ward and clinic subjects with disorders not known to affect 
the endocrine sj’^stem were studied (Table 1). Ages ranged from 16 to 72 
years. There were 23 men and 34 women. Basal metabolic rates varied 

* At present, the series includes about twice as many patients as when this article was 
submitted for publication. The observations reported in the various conditions are the 
same except for a larger number in each category. 
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Table 4. Radioiodine Uptake in Remission of Hyperthyeoidism 
Produced After Therapy 


Per cent uptake 
at 24 hrs. 

Surgery 

Propyl- 

thiouracil 

X-ray 

J131 

50- 





40-49 1 

1 

1 

1 

4 

35-39 


1 

1 


30-34 




3 

20-29 

1 

1' 


4 

10-19 

1 


1 

4 

0-9 


' 




radiation with radioiodine. It is clear that despite the return of the meta- 
bolic rate to normal, the iodine uptake often continues at an elevated level. 
Eight of the 21 eases in the series, or 38 per cent, have values in excess of 
the 35 per cent upper limit of normal uptake. 

C. In miscellaneous thyroid disorders. 

A variety of thyroid disorders other than toxic goiter have been sur- 
veyed by the tracer technique (Table 5). There are 44 cases in this group. 
The basal metabolic rates of these patients are normal, except for 1 
instance of chronic thyroiditis and 3 of hypothyroidism. 

1. Nontoxic goiter. The 3 patients with nontoxic diffuse goiter and 8 
patients with nontoxic nodular goiter had normal basal metabolic rates 


Table 5. Radioiodine Uptake in Various Thyroid Disorders 


Per cent 
uptake 
at 24 hrs. 

Nontoxic goiter 

Malignant 

exoph- 

thalmos 

Thyroiditis 

Carcinoma 

Hypo- 

diffuse 

nodular 

acute 

chronic 

thyroidism 

50- 



3* 


1* 



40-49 

1 1 

1 

1 

1 

1 

1 


35-39 

1 

1 



1 



30-34 1 


2 

1 


2 

1 




3 

3 


1 1 

2 


10-19 

i 

1 

1 

1 



5 


0-9 

1 



1 

6 

1 ] 

2 

3 


* 1 patient thyrotoxic. 
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of (he 07, or 04 per ecn( of the eases have uptakes exceeding 35 per cent. 
Six of the 07. or G per cent sliow uptakes not. in excess of the normal 
range. In (he jirimary grouj), only 2 cases, or 3 jier cent , arc within normal 
limits, whereas in the cases recurrent after radioactive iodine therapy, the 
incidence of uptake within (he normal or even subnormal range i.s about 
five times as great (IG per cent). If the upper limit of normal is considered 

Taiu.c 3 . Conuv.i.ATmN Pr.Twr.r.N Extuv,mi:s or R.\i>i(noi)isK, Urr.\Kr, and 
Basai. MirTAiiouc Hath in Euthyiioidism and irYi’iaiTiiYitoiDi.sM 


Tliyroid | 

status i 

1 

Patient 

H.M.R, 

C' 

s C 

Per cent uptake 
at 24 lir.s. 




, Greater than 35% 

Euthyroid 

Me. 

+23 

i 49 


O'to. 

+ 3 

i 43 


Pc. 

+ s 

i -*3 


Ke. 

+ 15 

! . 39 


Fa. ! 

-ir. 

39 


.sa. ; 

+20 

j 30 


01. 

+53‘ 

j 36 




' Le.'.s than 35% 

Hyijerthyroid 

Si). 

1 +33 

i ■ 13 


1 Rc. 

1 +20 

1 15 


Bl. 

1 +50 

' 19 


Ct. 

j +7G 

23 


Ma. 

; +24 

34 


* Could not obtain true B.M.R. 

as 40 per cent uptake in order to include practically all control values, the 
number of toxic goiter cases falling within normal limits is increased to 
11 in 97, or 11 per cent. There is, therefore, a significant and unavoidable 
overlap between control and hjTjerthjmoid patients. A normal range with 
an upper limit of 35 per cent uptake permits 9 per cent of normal cases to 
be in the toxic range and 6 per cent of all toxic cases to be in the normal 
range (Tables 1, 2 and 3) ; whereas an upper limit of less than 40 per cent 
uptake alters these figures to 4 and 11 respectivel 3 ^ The indmdual data 
for the overlapping group, including basal metabolic rates, are presented 
in Table 3. The tables in tliis paper are dmded to indicate a normal range 
of 10 to 35 per cent uptake. 

2. Paiienls loith re77vission of hyperthyroidism. The effect on radioactive 
iodine uptake of successful therapy for toxic goiter has been studied in 
21 patients (Table 4). Remission followed either operation, cessation of 
antithjmoid drug administration, external radiation with x-rays or internal 
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Table 6. Radioiobine Uptake in Pituitary and Adrenal Disorders 


Per cent 

Pituitary tumors 

Adrenal disorders 

uptake 
at 24 hrs. 

eosinophile 

chromophobe 

Addison’s 

disease 

Cushing’s 

syndrome 

50- 

40-49 

2 




35-39 

1 





1 


1 1 



2 

1 

1 


mBm 

4 

5 

3 

1 

0-9 

1 


1 

3 


1 


the low basal metabolic rate regularly found in this condition. The distri- 
bution of uptake is preponderantly in the low normal range. The uptake 
in the 2 instances of Cushing’s disease, presumably, with adrenal cortical 
hyperfunction, is unusually low. 

E. In nutritional disorders. 

Eight patients with fairly extreme degrees of obesity and norrnal basal 
metabolic rates and 6 patients with anorexia nervosa (5 with low basal me- 
tabolisms of minus 21 to minus 30 per cent), were examined (Table 7). The 
uptake in all was within normal limits except for 1 instance of obesity. The 
lack of correlation between basal metabolic rate and uptake of is em- 
phasized in the anorexia nervosa group. The obese patient with the low 
uptake had diarrhea at the time of the test and may have failed to absorb 
much of the radioactive iodine from the gut. 


Table 7. Radioiodine Uptake in-Nutbitional Disturbances 


Per cent uptake 
at 24 hrs. 

Obesity 

Anorexia 

nervosa 

40-49 

35-39 


1 

30-34 

3 

1 

20-29. 

3 

1 

10-19 

1 

3 

0-9 

1 
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and were clinically euthyroid. The same approximate distribution of uptake 
as in the control subjects was noted. 

2. ^[aUgnan^ cxophUialmaft. This group consists of 8 instances of proven, 
or clinically suspected, malignant exophthalmos — 7 patients in which the 
exophthalmos was present without a rise in basal metabolic rate, and 1 
patient with an elevated basal metabolism. The radioiodine uptake of 2 
of the S patients with normal metabolic rates exceeded the highest value 
for any control subject, and there is one other uptake greater than 40 
per cent. The patient with definite thyroid overactivity also had a con- 
siderably elevated uptake. 

S. -1cm/c thyroiditis. Tlie 6 cases in this group are of interest in view of 
the extremely low uptake of radioactive iodine in every instance, despite 
a normal basal metabolic rate. Follow-up measurements are not available 
in all, but there is a lag of one or more months until recoverj' of the uptake 
function occurs. 

4. Chronic thyroiditis. The low uptake of iodine shown in acute thy- 
roiditis is found in only 1 of the 7 chronic cases. The cases of Riedl’s or of 
Hashiraoto’s .struma have been combined in the table. A verj" low uptake 
may have diagnostic .significance in differentiating these cases from car- 
cinoma, providing the effect of age is also taken into account. More data 
are needed. 

0 . Carcinoma of the thyroid. Nine patients with untreated malignancy of 
the thyroid showed normal uptakes of iodine. In none of these had car- 
cinoma entirel}' replaced the normal gland. Clinical information is missing 
in the 2 instances with uptakes of less than 10 per cent but these are sus- 
pected of having received previous therap3' of some sort. 

6. Hypothyroidism. The known low uptake of iodine in hj'pothjToidism 
(7) is confirmed in the 3 cases tested. 

D. In pituitary and adrenal disorders 

Nineteen examples of either eosinophile or cliromophobe tumor of the 
anterior hypophysis have been studied (Table 6). The range of iodine up- 
take in the acromegalic group follows the normal pattern despite general 
but slight elevation of basal metabolic rate. In the cliromophobe group the 
values hug the lower limits of normal or are below. Four outspoken and 
untreated instances of panhypopituitarism occur in this latter group. 
These patients had basal metabolic rates ranging from minus 17 to minus 
41 per cent and levels of serum cholesterol (fasting) which ranged from 260 
to 372 mg. per cent. However, 3 of the 4 showed uptake of radioactive 
iodine within the lower normal range. 

Five instances of fairly advanced underfunction of the adrenal cortex 
i.e., Addison’s disease, were examined with the tracer technic in xdew of 
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Table S. Effect of Preceding Administration of Desiccated Thyroid 
OR OF Stable Iodine on Radioiodine Uptake 


Desiccated thyroid group 


Patient 

Daily dose 

Gm. 

Weeks 

since 

thyroid 

omitted 

1 

B.M.R. 1 
% 

1 

Cholesterol 

Per cent 
uptake 
at 24 hrs. 

C.B. 

0.3 

0 

+ 5 i 

150 

4 



8 

-15 1 

1 

204 

26 

P.O.B. 

0.24 

0 

+ 6 

120 

2 



7 

-17 

168 

24 

F.W. 

0.12 

0 1 

-12 

195 

4 


1 

6 

-13 

201 

3 

R.B. 

not known 

10 

+ 1 

184 

4 


Stable iodine group 


Patient 

Daily dose 

Gm. 

1 

Weeks 

since 

iodine 

omitted 

B.M.R. 

% 

Cholesterol 

Per cent 
uptake 
at 24 hrs. 

M.F. 

iodide by mouth 


+69 

195 

2 



7 



2 

R.F. 

iodide by mouth 

1 

4 j 

+23 

208 

8 

S.M. 

i 

1 

iodide by mouth 

4 

1 i 

197 j 

46 

LS. 

iodide bj’’ mouth 

12 

+45 

288 

0 

M.C. 

Diodrast 

j 

' 1 

± 0 


10 

J.S. 

I.V. pyelogram 

' 2 

1 


3 



4 

1 



4 


throughout the body. Mathematical treatment of the data from urine 
studies may well reflect gland uptake. However, apart from the inherent 
possibility of inaccuracy from indirect methods, the danger of mistakes in 
the collection of urine, known or unknown to the physician, tends to rule 
out this method for routine clinical use. 

There is little doubt at present that accurate direct measurement of tlie 
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F. In miscellaneous endocrine disorders. 

Single examples of several emlocrine disorders other than those listed 
above have been tested in pilot experiments. No significant deviation from 
normal uptake was noted. 

Effect of preceding adminii^lrnlion of desicented thyroid or of stable iodine 

The tracer uptakes by the thyroid gland of 4 euthyroid patients, during 
and after the administration of desiccated thyroid, are presented in Table 
S. The striking depression of uptake during therapj' and the occasional long 
delay in recovery after discontinuance arc clearly shown. As little as 0.12 
Gm. of desiccated thyroid by mouth m.ay cause a depression of uptake to 
4 per cent of the tracer dose, i.e., to the liypothyroid range. In the case in 
which uptake failed to return to normal within ten weeks after omi.ssion of 
the drug, the patient denied its resumption and there was no reason to 
suspect her veracity. 

Six cases previously given stable iodine were studied at vaiying intervals 
after the last administration of the drug. The first 4 patients listed had 
received sodium or pota.ssium iodide for several weeks to several months; 
patient jNI.C. had had a single intravenous injection of Diodrast to outline 
an obstructed brachial vein, and patient J. S. had been given diiodophenol- 
phthalein, for an intravenous pyclogram. The known depression of uptake 
after iodine administration is confirmed (9). Recovery is seen to be delayed 
in all but S.1\I. (in whom uptake was high in the fourth week off iodine) and 
in jNI.C. where onl}’ four days had elapsed to the time of the tracer test. In 
one patient, IM.F., recovery is still great!}' delayed seven weeks after cessa- 
tion of therapy. Again, there is no reason to doubt the reliability of the sub- 
ject in his statement that he had had no further iodine. The data in patient 
L. S. are complicated by the fact that propylthiouracil was taken inter- 
mittentlj' during the twelve weeks since omission of iodine. This medication 
was stopped four weeks before the tracer test, which reveals a zero uptake. 

DISCUSSION AND CONCLUSIONS 

A fact-finding surve}' of the uptake of tracer doses of radioactive iodine 
I'^S has been made in conditions of normal and disordered tlyToid function 
in man. Direct measurement of the uptake by the thyroid gland has been 
determined as described in a previous publication (6). Tliis method was 
decided upon as more accurate and feasible than the determination of the 
urinary excretion of radioactive iodine. There is a reciprocal relationship 
between uptake by the gland and excretion in the urine (10). The sum of 
uptake by the thyroid gland and excretion in the urine accounts for from 
60 to 80 per cent of the administered iodine, the rest being distributed 
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ministration of thyroid substance containing stable iodine, there may be a 
distinct discrepancy between iodine uptake and basal metabolic rate. In 
these patients, the basal metabolic rate appears to be markedly altered 
without detectable change in thyroid function as indicated by radioiodine 
uptake. Explanation for this may be found in one of several hypotheses; 
in an inherent ability of tissues to change their rate of metabolic activity 
in the face of a constant thyroid hormone blood level; in a dissociation 
between inorganic iodine uptake and a subsequent hormone release by the 
gland, such as is seen with antithyroid drug administration; or in present 
inability to interpret the significance of minor, or temporary, degrees of 
change in iodine uptake and in plasma bound iodine, especially since there 
is generally no preceding baseline of uptake to cover the period when the 
individual was healthy, or no adequate history in respect to possible pre- 
ceding iodine intake such as with iodized salt or medicinal iodides. Further 
study will be necessary before one of these, or another reason can be ac- 
cepted. 

The effect of large doses of desiccated thyroid in causing a reduction of 
thyroid activity is now well known (14, 15). The minimal dose of desic- 
cated thyroid which will accomplish this result and the fact that almost 
complete suppression of uptake may exist. for weeks after cessation of 
therapy in some people, is not so well appreciated. The extensive use of 
desiccated thyroid by the gynecologist for the treatment of menstrual and 
sterility difficulties, and by many other physicians for the treatment of 
obesity, should perhaps be subjected to consideration from this standpoint. 
The occasional low plasma iodine levels in obesity reported by Williams 
(16) may be possibly explained by the use of thyroid at some period shortly 
before the determinations. 

Stable iodine too, has been recognized as capable of reducing iodine 
uptake by the gland. Again, the long duration of the suppression response 
and the discrepancy from the normal basal metabolic rate are brought out 
in this study and are of importance from the standpoint of mechanisms 
involved and in the clinical application of the tracer test. 

From the findings we have demonstrated, it can be seen that the radio- 
active iodine tracer test, when used as a clinical tool for determination of 
thyroid function, has diagnostic usefulness only when the results are prop- 
erly interpreted in conjunction with other clinical and laboratory aids. It 
has not replaced sound clinical judgment. 

SUMMARY 

1. The up^ke of a tracer dose of by the thyroid gland has been 
measured by means of a Geiger counter, directly over and 15 centimeters 
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iodine uptake by llic pland is feasible (0). Errors in determination may 
result when the dimensions of the gland exceed those measurable by a 
given Geiger counter aperture. A large counter with a wide aperture at some 
distance from the neck can be designed to cover an area wide enough for 
almost every type of gland. Such an arrangement is not useful for localiza- 
tion within, or measurement of uptake in part of the gland. A small 
counter placed directly against the neck is suitable for thi.s latter purpose 
but is subject to error if used for over-all uptake mea.surement. By means 
of the Geiger counter, iodine uptake by the gland can be expressed in 
terms of the percentage of a tracer dose collected at a given time interval 
or as the rate of accumulation during a given period (11). 

The present study is based on the determination of the percentage up- 
take of the radioiodine at 24 hours after ingestion, at which point uptake 
has become stabilized (G) and sigjiificant excretion has not begun except 
in rare instances of toxic goiter. Only one determination is necessarj' and 
the method is convenient for routine clinical practice. 

The diagnostic usefulness of this technic has needed documentation. In 
the controls studied, a range of uptake of between 10 and 35 per cent of the 
tracer dose at 24 hours has been found to include all but 9 per cent of cases. 
The significance of such limits of normal uptake requires evaluation. 

Most of the low values between 10 and 15 per cent, and a single value of 
below 10 per cent were, found in women over 40 years of age. This phy- 
siologic decrease in uptake has been found by Perlrautter (12) in both 
se.xes, accompanied bj' normal plasma precipitable iodine levels. Thus, the 
proposition of decreased thjToid function based on low tracer uptake val- 
ues must take into account the effect of aging. 

High uptake values at the upper range of normal or above also require 
interpretation. A 35 or 40 per cent uptake limit permits an appreciable 
percentage of cases of proven toxic goiter to be included in the normal 
range. This same overlap is found when the “accumulation gradient” is 
determined and occurs with plasma precipitable iodine and basal meta- 
bolic rate determinations. A more precise method may have been found 
in the more recent technic proposed by Stanley and Astwood (13), al- 
though it has as yet been apphed only to the study of the effectiveness of 
antithyroid drugs, and has not been used to determine whether it wiU 
narrow the percentage overlap between normal and toxic goiter patients. 

The degree of correlation of radioiodine uptake with the basal metabolic 
rate in conditions other than toxic goiter is also of great interest. Wliile 
unquestionably there is a general relationship, lack of correlation is not 
infrequent. Thus, after unsuccessful or successful therapj'' for toxic goiter 
in mahgnant exophthalmos, acute and occasionally chronic thjToiditis, 
pituitary and adrenal disorders, anorexia nervosa, and following the ad- 
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sayed by determination of thyroid uptake of radioactive iodine and protein bound 
iodine of blood. To be published. 

13. Stanley, M. M., and Astwood, E. B.: The accumulation of radioactive iodide by 
the thyroid gland in normal and thyrotoxic subjects and the effect of thiocyanate on 
its discharge. Endocrinology 42’. 107-123 (Feb.) 1948. 

14. UoTiLA, U. U.: The regulation of thyrotropic function by thyroxin after pituitary 
stalk section. Endocrinology 26: 129-135 (Jan.) 1940. 

15. Riggs, D. S.; Man, E. B., and Winkler, A. W,: Serum iodine of euthyroid subjects 
treated with desiccated thyroid, J. Clin. Investigation 24: 722, 1945. 

16. Williams, R. H.: Relation of obesity to the function of the th 3 ’Toid gland, especially 
as indicated by the protein-bound iodine concentration in the plasma, J. Clin. 
Endocrinol. 8: 257-261 (March) 1948. 
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away from the gland, in normal subjects and in patients in whom a knowl- 
edge of thyroid function might be of interest. 

2. The normal range of ui)take is between 10 per cent, ami 35-40 per 
cent of the. administered dose, at 24 hours. 

3. There is a small but significant overlap of uptake between the control 
subjects and patients with toxic goiter. 

4. In cases of toxic goiter, the general correlation which exists between 
iodine uptake by the thyroid gland, and hormone secretion as reflected 
by the basal metabolic rate, can be di.sruptcd b\' the treatment of the 
thyrotoxicosis. 

5. Lack of correlation between iodine uptake and basal metabolism maj' 
be found in active thyroiditis, malignant exophthalmos, Simmonds’ 
disease, Addison’s disease and anorexia nervosa. 

6. The depression of iodine uptake by previously administered thyroid 
substance or stable iodine may persist for weeks. 
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gonadotropin, Avill produce complete spermatogenesis (2). 

3. A suitably concentrated source of FSH. 

In studying over 100 infertile men with the view of determining whether 
prerequisites 1 and 2 were met, it was found that the majority were elim- 
inated because of 1) irreparable testicular damage, and/or 2) elevation of 
gonadotropins. In the current investigation, 7 infertile, but otherwise 
normal men were chosen who had either normal or low urinary gonado- 



Fig. la. Biopsy specimen of testis from patient K. H. before therapy, showing 
seminiferous tubules of approximately normal size containing all stages of spermato- 
genesis, but a relative preponderance of the more immature stages, and sloughing of im- 
mature forms into the lumen of the tubules. There is a cluster of normal-appearing 
Leydig cells near top center. Note lack of any irreversible changes such as severe or 
complete hyalinization of the basement membrane. Xl75. 

tropin excretion and in whom biopsies of the testis revealed minor, but 
definite alterations in spermatogenesis. The third prerequisite was met 
when a potent and partially purified hj'-pophyseal extract from sheep, con- 
taining predominant!}'' FSH, was made available to us.^ Details concerning 

^ Generously supplied by the Schering Corporation through the courtesy of Dr. Ed- 
ward Henderson. 
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T he search for therapeutic agents effective in male infertilit}' has 
been relatively fruitless to date. In recent years, hormonal therapy has 
been considered. Of the various liormones, tlie ones most likely to succeed 
would seem to be those that ordinarily stimulate spermatogenesis; the 
gonadotropins. Of the gonadotropins (from anterior pituitar}', pregnancj' 
urine and pregnant mare serum sources), one hormone that is known 
specifically to stimulate spermatogenesis is follicle-stimulating hormone 
(FSH) of the anterior pituitarj- (1). 

It cannot be expected that FSH will prove effective in all 131365 of male 
sterility. Several prerequisites are necessarj' before ^ccessful results can 
reasonablj' be expected. In addition to the obvious prerequisites, such as 
patent vas deferens, and the knowledge that the wife is potentiallj* capable 
of concemng, we have considered the following conditions to be essential: 

1. Testes tciih potentially reversible defects. In many cases of infertility, 
the testes are irreparablj" damaged and attempts at therapj’ of anj’^ kind 
are useless. 

2. Gonadotropin production that is not already elevated. If there were 
alread^’^ an increase in endogenous gonadotropic hormones, adding FSH 
from an exogenous source could not be ejcpected to stimulate spermato- 
genesis. 

Hypogonadotropic eunuchoid men are good examples of patients meeting 
both these requirements, for thej’' have infantile testes capable of respond- 
ing to gonadotropic stimulation, and siibnormal gonadotropin titers. Ad- 
ministration of FSH to such patients, foIIoMng treatment with chorionic 

Received for publication July 12, 1948. 

* Read in part before a meeting of the North Pacific Society of Internal Medicine, 
March 20, 1948. 

** Schering Fellow in Endocrinology. 

t Address after July 1, 1949: City of Detroit Receiving Hospital, Detroit, Michigan. 
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included because he was found to have subnormal titers of urinary gona- 
dotropins.) The principal defects encountered were disorganization of 
spermatogenesis, lack of maturation, and sloughing of immature germinal 
.cells into the lumen of the seminiferous tubules. There was a lack of ir- 
reversible changes such as severe or complete hyalinization of the basement 
membrane of the seminiferous tubules or lack of all germinal cells. The 



Fig. 2a. Biopsy specimen of testis from patient K. H. before therapj/: upper left area 
of Figure la, X 450. Note that all stages of spermatogenesis are represented and that 
normal-appearing Leydig cells are present. 

encouraging feature was the presence of germinal cells in various stages of 
maturation which seemingly could go on to sperm formation with the 
proper impetus. The Leydig cells appeared normal, tvhich was in accord 
with lack of any clinical evidence of androgen deficiency. The biopsies 
showed a marked similarity; a representative biopsy specimen (patient 
K. H.) is illustrated in Figures la and 2a. 

Sperm counts. Sperm counts were performed by diluting seminal fluid 
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treatment arc presented grai)hically in l''igurc.s 3 to 8, and arc recorded in 
Table 2 of the preceding report (3). 

In tlic. preceding report (3), it was demonstrated that tiic administration 
of sheep FSH elicited formation of antihormoncs that were capable, 
of neutralizing the patients’ endogenous gonadotropic hormones. It is the 
purpose of tliis communication to correlate the cfTcets of sheep FSH and 



Fig. lb. Biopsj' specimen of testis from K. H. during anlihornione formation. There is 
a striking decrease in the size of the seminiferous tubules as compared -with the specimen 
obtained before treatment. Mature germinal cells are scarce, leaving a preponderance of 
spermatogonia and primary spermatocytes. Tubules are completelj' filled by immature 
cells sloughing into the lumens. Spermatozoa are present; however, these are deep- 
staining and seemingly are old, retained sperm. Note the lack of any recognizable Lej^dig 
cells. The appearance is similar to that occurring in pituitarj- failure in the human adult 
or in hypophysectomized animals. X 175. 

subsequent antihormone formation on spermatogenesis and endogenous 
gonadotropin excretion. 

RESULTS 

Morphology of the testes. Biopsy specimens of the testis were obtained 
from 6 of the 7 men before initiating therapy. (The seventh patient was 
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and after instituting therapy. Averages before, during and after therapy, 
however, indicated an upward trend during FSH therapy in the 6 patients, 
followed by a decrease during the time of maximal antihormone formation 
in 3 of the patients with high antihormone titers. The decrease in each in- 
stance was below the pretreatment average number of sperm. A fourth 
patient with similarly high antihormone titers also had a decrease in num- 
ber of sperm during the time antihormones were elevated, but the onset of 
the decrease was delayed until two and one half months after initial anti- 
hormone detection. The 2 patients in whom numbers of sperm did not de- 
crease experienced the least amount and shortest duration of antihormone 
formation. 

Following the disappearance of detectable antihormones in the plasma, 
the average number of sperm rose to pretreatment levels or higher in the 
3 cases in which a decrease had occurred, and remained at the pretreat- 
ment level or higher in the 2 in which no decrease was encountered. The 
patient with the delayed decrease continued to have a low sperm count, and 
continued to have antihormones in the plasma at the last date tested, 283 
days after stopping therapy. 

Urinary gonadotropin excretion : 

Before treatment was instituted, gonadotropin titers were normal in 5 
patients, below normal in 1 and at the upper limits of normal in 1 (Table 
1). Figures for normal individuals are presented in a previous publication 

During FSH administration (5 patients tested) no increase in gonado- 
tropin excretion was noted. The titers fell below the pretreatment level 
in 4. patients and remained unchanged in 1 (Table 1). 

After FSH administration had been stopped, and during the time of anti- 
hormone formation, gonadotropin excretion was increased to the pre- 
treatment level in 6 patients and was slightly above the pretreatment level 
in the remaining 1 (Table 1). 

After or at about the time of disappearance of antihormones from the circu- 
lation, gonadotropin excretion was above the pretreatment level in 3 
patients and equal to the pretreatment level in 3 others (Table 1). 

DISCUSSION 

Sperm Counts. Following the initiation of FSH therapy, there was an 
initial rise in the sperm output that soon reached a plateau, or sharply 
declined to levels that were in some instances lower than before therapy 
was begun. With the exception of 1 patient, the rise in output of sperm was 
slight. There was no improvement in the impaired motility or the abnormal 
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in a red or white cell pipette with dilute aqueous methylene blue, and then 
eounting the sperm in a Neubauer counting chamber. Sperm counts are 
presented graphically in Figure.-' 3 to 8. (As no more than an occasional 



Fig. 2b. Biopsj' specimen of testis from patient K. H. during antihormone formation: 
lower left area of Figure lb, X 450. Note that spermatogenesis has ceased at the 
primarj' spermatocj'te stage, and that dark-staining sperm are retained in the tubules. 
Small cells with pyknotic nuclei are present in the two right-hand tubules. Lej'dig cells 
are not seen. 

sperm was encountered in R.C.’s specimens, data on his sperm counts are 
not presented.) Although abnormalities in sperm morphology and motilitj’’ 
were observed in some of the patients, no significant alterations occurred 
during or after therapy. 

Great variations in the number of sperm were observed before, during 
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morphology of the sperm encountered in some of the patients.' The lack 
of decided improvement, despite the fact that the 7 subjects seemed suit- 
able candidates for FSH therapy, may be due to 1) insufficient amounts of 
FSH administered, 2) the formation of antihormones which interfered so 
early that the time allowed for stimulating spermatogenesis may have been 
inadequate, or 3) the defects in spermatogenesis may not have been ame- 
nable to correction with gonadotropins. 

The slight rise in average numbers of sperm occurring in 5 patients and 
the sharp rise in 1 lend encouragement to the possibility that FSH therapy 



is potentially capable of stimulating spermatogenesis. The fact that an 
early plateau or early decline occurred could be correlated with the pres- 
ence of antihormones in most instances. Thus, one limiting factor in ade- 
quate therapy appears to be the formation of antihormones. To circum- 
vent early antihormone formation, perhaps other sources of gonadotropins 
or more highly purified forms of FSH, less apt to elicit antihormone forma- 
tion (5), could be applied. 

It would appear that antihormone formation did not cause permanent 
suppression of spermatogenesis, since output of sperm increased to pre- 
treatment levels or above after the antihormones disappeared from the 
circulation. 

The effects of antihormone forination on the microscopic appearance of 
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Fig. 5 

mis to store sperm may explain this apparent discrepancy. Hammond and 
Asdell (8) isolated the epididymis from the testis in rabbits. They found 
that the rabbits remained fertile for as long as forty days after the opera- 
tion (during which interval they were mated 6 times) and that motile 
sperm remained in the epididymis for as long as sixt}'' days after operation. 
The regression of the interstitial cells of Leydig suggests that either the 
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the testis were studied in two instanecs in which biopsies were repeated 
after therapy when antihormones were present. In patient C.G., the 
tissue was removed for biopsy on day 179, and in patient K. H., on day 67 
after initiating therapy. In both patients, sperm counts were decreasing 
at the time the biopsy specimen was obtained. 

Similar changes occurred in both patients and consisted of a reduction in 
size of the .seminiferous tubules, reduction in the number of mature cells 
of the germinal series leaving a preponderance of .spermatogonia and pri- 
mary spermatocytes, sloughing of a large number of immature cells into 





the lumen of the tubules, an apparent retention of mature spermatozoa 
(which stained deeply" and seemingly were old forms), and disappearance 
of recognizable interstitial cells of Leydig (Figures 1 b and 2 b, patient 
K. H.). The general appearance was similar to that encountered in pitui- 
tarj’- failure in the human adult ( 6 ). The appearance was not unlike that 
seen in adult hj'pophj'sectomized animals ( 7 ) . 

The ob\’ious explanation for the marked regression of the seminiferous 
tubules is that the antihormones prevented stimulation of the tubules 63 ’’ 
either the exogenous sheep FSH or the patients’ endogenous FSH. Thus, 
as concerns the seminiferous tubules, the patient had been essential!}^ 
hypophysectomized. 

As judged b 3 " the biops 3 ’' of the testis, spermatogenesis appeared to have 
ceased, yet the seminal fluid contained sperm. The capacit 3 ^ of the epidid}'- 
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ently androgen production was not markedly interfered with for any 
great length of time, since none of the patients experienced androgen 
withdrawal symptoms. 

Urinary gojiadotropins were tested during FSH therapy to determine 
whether appreciable amounts of hormone were being excreted. Since 
gonadotropic titers were lower during treatment than before treatment, 
it seems reasonable to conclude that no appreciable amounts of the injected 
sheep FSH Avere excreted in the urine. 

The decrease during FSH therapy cannot be accounted for by anti- 
hormone suppression. This Avas concluded from the fact that in one case 
the decrease occurred prior to antihormone formation, and from the fact 
that gonadotropins increased to pretreatment levels during the presence 
of maximal antihormone titers soon after FSH therapy Avas stopped. 

The rise in the level of gonadotropins Avhich Avas encountered in 4 of the 
patients during the time of declining antihormone titers or soon after 
antihormones disappeared, can be explained by the findings of Me3'^er, 
Kupperman and Finerty (9). They noted that upon injecting antihormones 
into rats, a rise in the pituitary content of gonadotropins occurred. Upon 
stopping the injections of antihormones, evidence of increased secretion 
of gonadotropin Avas obtained, folloAving Avhich the gonadotropin content 
of the pituitary decreased. They concluded that the increased pituitary 
secretion of gonadotropins Avas due to the decrease in gonadal function 
caused by administering antihormones. 

SUMMARY AND CONCLUSIONS 

Criteria have been set forth for the selection of candidates for treatment 
of male infertility Avith a purified preparation of sheep anterior pituitary 
glands containing mainly follicle-stimulating hormone (sheep FSH). These 
criteria require that : 

1. Biopsies of the testis should reveal a suitable substrate for the action 
of the FSH, i.e., testicular defects should appear to be potentiall}'^ reA^er- 
sible. 

2. Gonadotropin production should not be elevated. In such instances, 
addition of exogenous FSH would be superfluous. 

Seven sterile men were judged to have fulfilled these prerequisites. They 
therefore were given daily injections of 50 units of sheep FSH for two to 
three months. 

The average number of sperm increased somewhat initially, and then 
remained stationary or decreased. The lack of progressive rise seemed to 
coincide with the presence of circulating antihormones; as the antihor- 
mones disappeared, sperm production increased in those instances m 
AAdiich it had formerly declined. 



April 


AXTIIIORMONHS IN INFKUTILK MKN 


305 


100 

90 

80 

60 

50 

40 

30 

zoj 

10 

0 

icjpoo 

spoo 


100 

50 

o 


Patient K.H. Age 29 



days 



] 


lao MO 160 ISO 220 240 

units antihormone in plasma 


Units sheep FSH per day 


Fig. 7 

sheep FSH contained enough intenstitial-cell stimulating hormone (ICSH) 
to cause anti-ICSH formation, thus preventing stimulation of the Lej'dig 
cells bj’ endogenous ICSH; or the antihormones to FSH were sufficientlj’ 
non-hormone-specific to prevent endogenous ICSH stimulation. Appar- 
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THE RELATIVE INDEPENDENCE OF SODIUM 
AND CHLORIDE EXCRETION* 
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C. H. STONE, Ph.D. 

From the Research Division and Endocrine Clinic, St. Clare’s Hospital, New York 
and the Department of Chemistry, The City College of New York 

I N THE early days of electrolyte studies, the concept of ''salt” (i.e., 
sodium chloride) metabolism .was widely used. This is exemplified by 
Zondek’s "salt-and-water obesity,” a study which was based entirely on 
chloride, determinations (1). Since that time it has been noted that sodium 
and chloride levels do not always follow a parallel course. In shock and in 
alkalosis, profound changes in blood chlorides occur with relatively little 
alteration of the sodium level. In cases of adrenal tumor, low plasma 
chlorides have been associated with high (2) or normal (3) plasma sodium 
values. Differences between the urinary excretion of sodium and chloride 
have been observed very recently in cardiac edema and in hepatic cir- 
rhosis (4). Nevertheless, the habit of judging sodium metabolism by chloride 
values, and the expression of- chloride concentrations as "milligram per 
cent of sodium chloride” or chloride output "as sodium chloride” persists. 
Extensive work on the relation of steroid hormones to electrolyte balance, 
as well as renewed interest in sodium metabolism as related to heart failure 
and hypertension, have emphasized the need for separate evaluation of 
sodium and chloride balance. With the availability of a simple method for 
the determination of sodium in biologic fluids, simultaneous balance studies 
of sodium and chloride were carried out to determine how frequently these 
substances are treated by the body in parallel fashion. 

MATERIALS AND METHODS 

Fifty consecutive patients referred for endocrine investigation of various 
problems were studied. This potentially abnormal material was selected 
purposely because of the greater likelihood and importance of finding 
irregularities of electrolyte metabolism. The patients were maintained on 
identical diet and fluid intakes for two consecutive days during which 
24-hour urine samples were collected. The flrst day was taken as a control, 
and on the second day 10 Gm. (0.188 mol) of sodium chloride in gelatin 
capsules and 250 cc. of water were given between 9 and 10 a.m. Total 
sodium excretion was determined by the method of Goldzieher and Stone 

Received for publication July 22, 1948. 

* Read b}' title before the Thirtieth Annual Meeting of the Society for the Study of 
Internal Secretions, Chicago, Illinois, June 18 and 19, 1948. 
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Biopsy specimens of tlic testis from 2 patients, taken at a time when anti- 
hormones were present, and when sperm counts were decreasing, revealed 
a microscopic appearance not unlike that encountered following hypophy- 
scctomy in adult animals. 

Urinary gonadotrojiin excretion was determined before, during and 
after therapy. The injected sheep FSH was not excreted in the urine in 
appreciable quantities. Antihormones did not .suppress endogenous gonado- 
tropin excretion. 
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and chloride retention correspond within +5 per cent. Moreover, it ap- 
pears that patients with relatively little sodium retention may neverthe- 
less retain a great deal of chloride : of 9 patients with 0 to 30 per cent sodium 
retention, 4 showed a chloride retention of 60 per cent or more. On the 
other hand, chloride retention seldom keeps pace with an intense sodium 
retention : of 22 patients with a sodium retention in excess of 60 per cent, 
only 1 showed a relatively greater chloride retention and 15 showed con- 
siderably less chloride retention than expected. 

An attempt was also made to correlate the retention of the test dose of 
water with retention of sodium, chloride or both. However, there were so 
many uncontrolled variables affecting the urine volume (such as atmos- 
pheric temperature and skin evaporation) that the variations were too 
great to yield statistically significant results in a group of this size. 

DISCUSSION 

It is a well established observation that blood levels of sodium and 
chloride often run a parallel course. This observation, and our preoccupa- 
tion with the study of sodium, potassium and chloride often lead us to 
ignore the obvious fact that these electrolytes form only a part of, and are 
dependent upon changes of the total acid-base balance. This fact accounts 
for the observation of chloride retention without sodium retention and 
vice versa. It also serves to point out that there is actually no such thing 
as “sodium chloride” in the electrolyte system and that this term is based 
on a misconception which antedates our present concepts of acid-base 
balance. 

Tests based on electrolyte balance are commonly used in the diagnosis 
of pituitary disease, adrenal cortical disease and other conditions. All of 
these tests rely on chloride changes as the sole criterion or as part of the 
final equation (e.g. the Robinson-Power-Kepler test). One is led to wonder 
whether or not the substitution of sodium for chloride determinations 
might not augment their sensitivity. 

SUMMARY 

The simultaneous urinary excretion of administered sodium and chloride 
was studied in 50 patients who were referred for endocrine study. Excre- 
tion of equivalent amounts of sodium and chloride was found in only 26 
per cent. A significant number showed sodium retention without chloride 
retention and vice versa. It is concluded that these two electrolytes fre- 
quently behave in a relatively independent fashion, and that the behavior 
of one cannot safely be deduced or predicted from investigation of the 
other element. 
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(G) and total cliloridc by tlic method of Scdialcs and Rclialc? (7, S). From 
thct^c data, the percentage excretion of the test .sodium and ehloridc could 
be calculated. 

UKSULTS 

The data obtained are shown as a scatter diagram in Figure 1, the reten- 
tion of the test sodium being plotted as the abscissa, and the retention of 
the test chloride as the ordinate. It is usually a.c.sumcd that with equal 


RETENTION OF SODIUM AND CHLORIDE IN 50 PATIENTS 
GIVEN 0.IB8 mol. {I0 6m.l No Cl ORALLY. 



amounts of sodium and chloride ingested, the percentage retention or ex- 
cretion of one should be essentially identical with the percentage retention 
or excretion of the other. This hjqjothetical situation would yield a series 
of values which forma straight-line relationship, as illustrated. It is found, 
however, that very few of the actual observations conform to this assump- 
tion. In 4 cases (8 per cent), equal fractions of sodium and chloride were ex- 
creted. In only 9 other patients (18 per cent) did the amounts of sodium 



THE EFFECT OF TESTOSTERONE PROPIONATE IN 
A CASE OF PITUITARY TUMOR OBSERVED 
FOR NINE YEARS* 

CHARLES POSNER, M.D. 

From the Endocrine Clinic of the Pasadena Dispensary, Out-Patient Department 
of the Huntingtoji Memorial Hospital, Pasadena, California 

I T HAS been demonstrated that pituitary tumors, particularly chromo- 
phobe adenomas, can be produced experimentally in animals by pro- 
longed administration of estrogens. This was shown by Cramer and Horn- 
ing (1), Zondek (2, 3), and Wolfe and Wright (4). Experimental evidence 
has also been presented by Wolfe and Hamilton (5, 6) that androgens have 
an inhibitory effect on estrogens in pituitary physiology. However, the 
value of androgens in ameliorating the sj'^mptoms of intracranial pressure 
caused by a chromophobe adenoma in man has not yet been demonstrated. 

The case described here is of interest because of the possible inhibitory 
effect of testosterone propionate on a pituitary tumor, clinically of the 
chromophobe type. 

CASE REPORT 

The patient, W. J., (Fig. 1) a eunuchoid male, 24 years of age, was admitted to the 
Endocrine Clinic of the Pasadena Dispensary on March 24, 1939. He stated that he had 
had normal development and hair growth at 15 years of age, having been examined by a 
school physician at that time. Soon after that he noticed testicular atrophy with gradual 
disappearance of pubic and axillary hair. 

In 1939 he began to experience frontal headaches, which seemed to begin behind the 
eyes and were worse on the left side. These headaches were of intense, boring, pressing 
nature. They would last about half an hour and recur three to four times a da 5 L The 
headaches had been getting progressively'' worse up to the time of admission. These 
symptoms were accompanied by a feeling of extreme muscular weakness. The family 
history was normal except for a thyroidectomy performed on the patient’s mother in 
1925. 

Physical examination 

The patient was an apathetic, anemic-looking eunuchoid male, 24 years of age, whose 
skin had a peculiar, startling pallor. He had a high-pitched boyish voice, and the typical 
eunuchoid skeletal development and measurements. His height was 70j inches, his span 
was 70| inches, the pubis-to-vertex measurement was 30| inches, and the pubis-to-floor 
measurement was 39 inches. His weight was 121| pounds and blood pressure, 80/60. 

There was atrophy of the left optic disc and bilateral temporal hemianopia, more 
pronounced on the left side. Visual fields were outlined by Dr. Henrietta Johnson on 
March 27, 1939; they showed marked contraction of the left fields and moderate contrac- 
tion of the right. 

Received for publication July 26, 1948. 

* A preliminary report on this case was presented before the Los Angeles Society of 
Neurology and Psychiatiy, Feb. 19, 1941. 


372 



April, in^n 


SODIUM AND CIIl.OUIDK EXCRIITION 


371 


nnKEUEXCES 

1. ZoNnr.K. II.: Tlu' Disonsos of I lie Eiulorrinc (iliiiuls. Rerlin, .1. SpriiiRcr, 1020, pj). 
197-205. 

2. McQi-.Muar:, I.; Johnson', 11. M., .niid Zikoi.ku, M. R.: Plasinn electrolyte di.sturh- 
iince in pntients with liypercorlienadrennl syndrome contrasted with that found in 
.\ddison’s disease, Kudocritwlogii 21: 702-772 (Nov.) 1937. 

3. Wii.i.soN, D. M.; Pownn, M. It., and Kkpi.ku, E. J.: Alkalosis and low jilasina po- 
tassium in a ease of Cushinpi's syndrome: a metabolic study, Clin. Invc.^tignlion 19: 
701-707. 1940. 

4. F.minswouth. E. R.: liicctrolytc partition in patients with edema of various origins: 
sodium and chloride, .4ni. J. Mrd. 4: 33S-342 (March) 1948. 

.5. SuNDKRM.KN, F. W., and Rosn, E.: Studies in serum electrolytes. XVI. Changc-s in the 
scrum and body fluiils in anorexia nervosa, J. Clin. Endocrinol. 8: 209-220 (March) 

1948. 

0. Gold/.ikuku, j. W., and Stonk, Gii.nmiT C. II.: rapid colorimetric method forthe 
determination of sodium in biological fluids, Clin. Endocrinol. 9: 95-100 (.Ian.) 

1949. 

7. ScH.\Lr.s, 0., and Scn.M.KS, S. .S.: Simple and accurate method for determination of 
chloride in biological fluids, J. liiol. Clicm. 140: S79-SS4, 1941. 

5. AspEn, S. P.; .Sch.vees, 0., and Sch.m.ks, S. S.: Importance of controlling pH in the 
Schales and Schales method of chloride determination, J. Biol. Chem. 168: 779-780, 
1947. 



374 


CHARLES POSNER 


Volume 9 


R.B.C. 4,040,000; W.B.C. 12,250; neutrophils 40 per cent; monocytes, 5; lymphocytes, 
53; and eosinophiles 2 per cent. The basal metabolic rate was minus 9 per cent. 

Roentgenograms (Fig. 2) taken on May 9, 1939 showed that most of the epiphyses 



Fig. 2. A. Sella turcica before treatment, showing marked enlargement and erosion of 
clinoids. B. Sella turcica nine years later. C. Hand, before treatr^ent, showing nonunion 
of phalangeal and radial epiphyses. D. Complete union of epiphyses nine years after 
beginning of treatment. 

were open, with bone age retardation of 7 years. The sella turcica revealed extensive de- 
struction with displacement of the pineal gland posteriorly. A diagnosis of pituitary 
tumor was made. 

Treatment 

At first the patient was treated with 10 mg. of testosterone propionate* intramuscu- 

* I wish to thank Dr. William H. Stoner of the Sobering Corporation for supplying the 
testosterone propionate (Oreton) used in this case. 
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Fig. 1. A. Patient W. J., age 24, before treatment. B. After fifteen months 
of treatment with testosterone propionate. 

The development of the penis and testes was retarded, with absence of pubic and 
axillarj’ hair. The testes were both down in the scrotum and were about Ij cm. in di- 
ameter. 

Heart, lungs and abdomen showed no abnormalities. 

Laboratory findings 

On April 4, 1939, the concentration of serum calcium was 10.2 mg. per cent; serum 
phosphorus, 3.8 mg. per cent; and plasma cholesterol, 248 mg. per cent. A sugar tolerance 
test showed 76 mg. per cent for the fasting blood, and 120 mg., 150 mg. and 118 mg. per 
cent respectively for the 4 hour, 1 hour and 2 hour blood samples. All urine specimens 
were free of sugar. 

A blood count gave the following results: Hgb. 11.3 Gm. (66.9 per cent Newcomer); 
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From May 24, 1940 to October 6, 1941 the patient received intramuscularly 2300 mg. 
of testosterone propionate in oil. 

Neurologic examination by Dr, C. Hunter Shelden on December 19, 1940 showed 
atrophy of the left optic disc. Central field studies using a screen revealed typical evidence 
of a developing chiasmal lesion. A minimal upper outer quadrant depression was found 
in the right eye, whereas the field for the left eye showed a complete temporal anopsia as 
with a central scotoma. The test object used -was a white 3 mm. bead. In this examination 
the field of the left eye was 3 degrees to the nasal side of the fixation. A second field study 
was made by Dr. Shelden on February 5, 1941. At this time Dr. Shelden reported disap- 
pearance of the central scotoma noted previously. The vision in the left eye was found 
improved 50 per cent. 

Dr. Cyril B. Courville also examined the patient on June 13, 1941 and confirmed Dr. 
Shelden’s findings. Both neurologists agreed that surgery should be postponed because of 
the improvement in the visual fields and disappearance of headaches. 

Seen again on Julj’- 31, 1942, the patient was energetic, free of headaches and working 
full time. 

At the present time (July 1948) he is working regularly as a public accountant. 

SUMMARY AND CONCLUSIONS 

A eunuchoid male, 24 years of age, with a pituitary tumor clinically of 
clu’omophobe type received a total of 3400 mg. of testosterone propionate 
intramuscularly between April 14, 1939 and October 6, 1941. The following 
results were noted during testosterone therapy before x-ray therapy was 
begun; widening of visual fields with disappearance of headaches, closure 
of the epiphyses, moderate increase of sexual development, gain in weight 
and strength and great improvement in mental outlook. 

Although the results in this case are promising, the problem of whether or 
not androgens have an inhibitory effect on chromophobe adenomata in 
man needs further investigation. 

REFERENCES 

1. Cramer, W., and Horning, E. S.: Experimental production by estrin of pituitary 
tumors with hypopituitarism. Lancet 1: 247 (Feb.) 1936. 

2. Zondek, Bernhard : Hypophyseal tumors induced by estrogenic hormone, Am. J ■ 
of Cancer 33: 555-559 (Aug.) 1938. 

3. Zondek, Bernhard: Clinical and Experimental Investigations on the Genital Func- 
tions and Their Hormonal Regulation. Baltimore, Williams & Wilkins Co., 1941, p. 
119. 

4. Wolfe, J. M., and Wright, A. W. : Histologic effects induced in the anterior pituitary 
of the rat by prolonged injection of estrin with particular reference to the production 
of pituitary adenomata. Endocrinology 23: 200-210 (Aug.) 1938. 

5. Wolfe, J. M., and Hamilton, J. B.: Comparative action of testosterone compounds, 
of estrone and of combinations of testosterone compounds and estrone on the anterior 
hypophysis. Endocrinology 21: 603-610 (Sept.) 1937. 

6. Wolfe, J. M., and Hamilton, J. B.: Action of testosterone propionate on the struc- 
ture of the anterior pituitary of the female rat ■with particular reference to the effects 
of prolonged administration on the levels of cells. Endocrinology 25: 572-584 (Oct.) 
1939. 



April, in.i9 AXnnOGEN THERAPY IN PITUITARY TUMOR 375 

larly tlircc times a week. From April \A, 1030 to May 2-1, 1040 Uie ])aticnl received 1090 
mg. of testosterone propionate intramuscularly, with resulting increased strength and 
energy, complete cessation of headaches, moderate growth of puhic and axillary hair with 
increase in the size of fcsto.s and penis. During this interval the patient had obtained a 
position as a fding clerk, where he had to use his eyes constantly. Visual fields outlined 
bv Dr. .lohnson on February 20, 1010 showed considerable improvement in both eyes. 




Lift ty no 


Fig. 3. Above: Visual fields before treatment. Below: After eleven months 
of treatment with testosterone propionate. 

In the hope of further improvement in the visual fields the patient was given seven 
x-ray treatments to the pituitary of loO roentgens eaeh from May 24, 1940 to June 13, 
1940 by Dr. John Chapman at the Huntington Memorial Hospital of Pasadena. The 
following factors were used : 220 K.V., 15 M.A. 2 mm. cu., 1 mm. al filter, 50 cm. dis- 
tance, 7 circle port, 4 min. 30 sec. for 100 r., 7 min. for 150 r. 

Visual fields rechecked by Dr. Johnson on June 10, 1940 revealed further improve- 
ment of both fields. 
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pressure 108/78. During this interval the patient continued to feel perfectly well, and 
her only complaint was failure to lose weight despite strict adherence to a 1000 calorie 
diet. Her weight at this time was 229 pounds, one pound more than she had weighed on 
admission to the hospital. 

On July 18 an 800 calorie diet was prescribed which the patient faithfully followed 
with gradual loss of 25 pounds in the ensuing two months. On July 28 the patient experi- 
enced transient dizziness when she suddenly rose from a supine position but this ex- 
perience was not repeated and in general she felt well and happy. The following day the 
blood serum contained 4.5 gamma per cent precipitable iodine and 6.7 gamma per cent 
total iodine (total iodine was determined in a separate laboratory). The menstrual period 
due August 20 was delayed approximately twenty days, an event so unusual that the 
patient was concerned about possible pregnancy but a Xenopus laevis pregnancy test 
on September 5 gave negative results. When menstruation finally began on September 
9 the period was normal in all respects. The next period appeared October 5 and again 
was “normal” in duration and quantity. Catamenia have been regular since that time. 
Pulse rates and laboratory findings are recorded in Table 1. 


Table 1 


Date 

1947 

Pulse 

Blood 
pressure 
mm. Hg 

Weight 

lbs. 

B.M.R. 

per cent 

Serum iodine 
gamma/100 cc. 

July 10 

no 

130/85 

228 

- 

— 


July 1,1 

85 

112/72 

228 

+ 4 

j Precipitable 40.9 

1 Filtrate 130.9 

July 15 

86 

116/78 

228 

- 3 

— 


July 18 

96 

108/76 

229 

— 

— 


July 22 

86 

— 

227 

— • 

— 


July 29 

88 

- — 

220 

-14 

f Precipitable 
[Total 

4.5 

6.7* 

Aug. 5 

76 

112/74 

222 

— 

— 


Aug. 12 

80 

124/84 

223 

— 

— 


Aug. 16 

80 

126/84 

219 

— 

— 


Aug. 22 

80 

118/86 

216 

-10 

— 


Sept. 22 

76 

114/78 

205 

-15 

— 


Oct. 31 

88 

112/86 

196 

- 9 

— 



* Total iodine determined in a separate laboratory. 


DISCUSSION 

The patient ingested 63 grains of 'Troloid” containing approximately 
8.4 milligrams of organic iodine. Since equi-iodal amounts of thyroid 
globulin and of racemic thyroxine have been found to be equal in calori- 
genic potency when tested in myxedematous subjects (7), a dose of 13.3 
mg. of thyroxine intravenously would probably be necessary to equal the 
dose of “Proloid” assuming, of course, that the patient was actually 


ABSORPTION AND CLINICAL EFFECT OF A LARGE 
SINGLE DOSE OF THYROID GLOBULIN 


C. L. ROBBINS. lU.D. * and E. B. MAN, Pn.D. 

From Ihr liiochcmislrij Lahornlory, Deportment of Psychiatry, Yale 
University School of Medicine, New Haven, Conn. 

P REVIOUS papers have desrribed a clinical condition similar to 
hyperthyroidism resulting from continuous ingestion of excessive 
amounts of desiccated thyroid (1, 2, 3, 4, 5, G). 

In the case to be reported there were no toxic effects, although a serum 
precipitable iodine of 40.9 gamma per cent established the fact that a 
great part of a single huge dose of thyroid globvdin had been absorbed. 


nEPonr of case 

The patient, M. tV., a 31-year-ol(l married white woman, consulted her physician in 
the latter part of .Tune 1947 regarding her obesity. For two years following her first 
parturition in 1934, when she was IS years old, she had weighed 117 pounds. After a right 
salpingo-oophorectomy and appendectomy at the age of 20, and following a second preg- 
nancy in 1938, her weight was IGO pounds. This increased after her third pregnancy in 
1945 to 24S pounds. 

The patient’s physician prescribed a low caloric diet and 3 grains of thjToid daily. 
During the first nine days of July 1947 the patient took a total of 27, one-grain, “Pro- 
loid” (Maltine) tablets. On the morning of Julj'- 10, 1947 the patient took all the tablets 
remaining in the box, presumably G3 tablets, in a single dose. Promptly repenting, she 
called a physician, who hospitalized her for observation of the possible evolution of 
thjTotoxicosis. Twenty-four hours after the ingestion of the drug the basal metabolic 
rate was plus 4 per cent, at which time the serum contained 40.9 gamma of precipitable 
iodine and 130.9 gamma filtrate iodine per 100 cc. The serum cholesterol was 116 mg. 
per cent. Red blood cells numbered 5,100,000 with 13.5 Gm. hemoglobin. White cells 
were 4,700 with 39 per cent segmented polymorphs, S per cent stem cells, 51 per cent 
lymphocytes and 2 per cent monocytes. The Kahn test was negative. Analysis of a con- 
centrated specimen of urine (sp. gr. 1 .030) revealed no abnormalities. The patient was ap- 
prehensive on admission when an electrocardiogram was taken, which probablj" accounts 
for the tachj'cardia (110 beats per minute) noted in the tracing. While hung quietly in 
her hospital bed the pulse rate remained at or about SO per minute with a maximum of 
90. Blood pressure was 130/85 on admission but shortly dropped to levels between 110 
and 118 systolic and 68 to 78 diastolic, where it remained during the three days of 
hospital residence. 

Further hospitalization was impossible and likewise bed rest at home was unfeasible 
so that precise observations of possible changes in circulatory dynamics could not be 
continued. The patient was able to make frequent visits to the phj^sician’s office and on 
her first \dsit, two days after discharge from the hospital and the fifth day' after the over- 
dose of thyroid, the pulse was 90 per minute, blood pressure 112/76 and the basal 
metabolic rate minus 3 per cent. Three day's later the pulse was 96 per minute, and blood 

Received for publication July 12, 1948. 

* Present address: 4 East Congress, Tucson, Arizona. 
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ported, in wiiich patients have taken large amounts of thyroid either 
because of “despondency” or a desire to commit suicide. Goldfinger re- 
ported the death of a woman who had taken as much as 100 grains daily 
(5). Thompson (4) described at length the intake of 80 to 120 grains daily 
by a physician who subsequent to this self medication developed symptoms 
of hyperthyroidism and of “ps 3 mhosis.” These cases are cited to emphasize 
that, although the patient described in this report exhibited no serious 
symptoms after one massive dose of thyroglobulin, the dangers of self 
medication with desiccated thyroid can not be ignored. This is only one 
reason why the present day practice of prescribing desiccated thyroid 
should be restricted for use by suitable patients.' 


CONCLUSIONS 

A case is reported of a patient who, after ingestion of 63 one-grain 
tablets of “Proloid” (Maltine), did not develop thyrotoxic symptoms, in 
spite of a protein-bound iodine of 40.9 gamma per 100 cc. of serum. 

From the literature are cited two cases in which continuous ingestion 
of desiccated thyroid in massive amounts produced thyrotoxic symptoms. 
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myxcclcinalou? and that absorption from tlic gut was complete. Complete 
absorption cannot be proved from the data in this case but the frankly 
colossal values for total iodine and prccipitablc iodine in the scrum twenty- 
four hours after ingestion indicate that at least a large part of the thyroid 
globulin was act\ially absorbed. Nineteen days later the value for precipi- 
table iodine as well as for total serum iodine had fallen to normal levels. 

The fate of the cxcc.^sivc circulating hormone during this interval is 
not known but from “decay” curves and excretion studies (8, 9) it may 
be assumed that prccipitablc iodine concentration diminished rapidlj' with 
probable progressive conversion of the protein-bound fraction to the fil- 
trate fraction. It is regrettable that more frequent iodine studies could not 
have been made. 

Of chief interest is the total lack of symptoms and signs of thyrotoxicosis 
at any time following the absorption of a dose of active thyroid globulin 
roughlj' equivalent to a 13.3 mg. dose of racemic thyroxine. Thomp.son and 
co-workers (9) gave a single intravenous dose of 10 mg. of thjToxine to a 
female patient with fully developed mj-xedema and produced a rise in the 
basal metabolic rate from minus 4.5 per cent to minus 6 per cent in seven 
days with a gradual return to a level of minus 30 per cent over a period of 
one month. It is reasonable to assume that had the present patient been 
suffering from true thxToid deficiency of any degree there would have been 
a detectable response to the huge dose of “Proloid” ingested and absorbed. 
It is well e.stablished that euthyroid indi\'iduals have a tolerance for thy- 
roid medication at dosage levels which provoke toxic symptoms in Inqjo- 
thjToid indudduals (9, 10, 11). The difference in re.sponse to thjToid ther- 
apy frequently is the onlj' critical method of differentiating hjq)ometabol- 
ism due to thjwoid deficienc}' and hjqiometabolism due to other causes. 

In the present case there is clear evidence of high tolerance and it seems 
likely that it may be ascribed at least in part to the presence of a normall}^ 
functioning thjToid gland. Even in a normal euthjToid indhidual a response 
to at least the thyroxine fraction of the ingested dose (2,99 mg. of thyroxine 
in 63 grains “Proloid”)^ could be expected (12). The nature of the conver- 
sion of the active hormone to an iodine-containing organic compound 
present in the blood but incapable of increasing oxidative metabolism of 
the tissues would be entirely speculative from the data in tliis case. Recent 
studies (13) with labelled iodo-casein would suggest that the liver pla 3 ^s 
an important role in the intermediary metabolism of thyToid hormone. 

Two previous rather similar cases, but without determinations of serum 
precipitable iodine as a measure of circxilating hormone have been re- 

' Based on a letter from alter Hoskins, Ph.D., Director of Research Laboratories, 
The jMaltine Company, Morris Plains, New Jersey. 



TO THE EDITOR : 


Letters to the Editor 

THE BUCCAL ADMINISTRATION OF ESTRADIOL 

H aving previously reported that the buccal administration of 
estradiol in a propylene glycol-alcohol solution affords effective 
absorption and utilization in a manner comparable with the same quantity 
of hormone by intramuscular injection (1), the present report deals with 
the administration of estradiol in solid polyethylene glycol tablets^ placed 
within the mouth and absorbed through the buccal mucosa. 

Method 

The tablets are composed of a polyethylene glycol wax, in which the steroid hormone 
is soluble, and which is miscible with the oral fluids. They contain 0.1 or 0.25 mg. of pure 
alpha-estradiol, the primary estrogen of the natural steroid hormone series. A tablet is 
placed in the mouth in the space between the cheek and the gum of the lower molar 
teeth, where it gradually dissolves. Insertion of the tablet just before going to sleep at 
night provides more uniform absorption than when used during the daytime. 

Vaginal smears were appraised in all patients at weekly intervals, according to our 
method previously described, viz., the vaginal material is collected from the lateral wall 
of the vagina with a dull, curved spatula; it is spread thinly on a clean glass slide and 
dried with compressed air. The smear is then stained for 20 seconds with 2 per cent aque- 
ous solution of basic fuchsin. Excess solution is washed off with water, the slide is dried 
with compressed air and is ready for evaluation. This rapid method enables us t.o deter- 
mine advisable dosage without dela}’’ and is completely adequate for clinical purposes, as 
proved by twelve years of experience with over 60,000 slides. 

Results r 

In order to determine the effects of this method of administration in 
cases of estrogen deficiency, 5000 buccal tablets of estradiol were adminis- 
tered to 103 patients during 280 monthly periods. The patients included 
those with 1) natural or artificial menopause, 2) pituitary-ovarian defi- 
ciency and 3) temporary h 3 q)o-estrogenism. No patient was treated with 
“buccal” estradiol unless the clinical response had first been determined to 
intramuscular alpha-estradiol benzoate or to oral ethinyl estradiol. All 
but 4 patients showed adequate symptomatic and vaginal cornification 
response. These 4 were coincidentally disturbed by emotional stress or in- 
fection. 

Buccal versus intramuscular alpha-estradiol. Menopausal patients who 
had been given 1.66 mg. of alpha-estradiol benzoate at weekly intervals 
soon showed typical responses in the vaginal epithelium and subjective 

1 Materials used in this study were supplied by the Schering Corporation. 
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Ju.: The action of iodocasein on human myxedema, with comjiarative studies on the 
fate and distrilnition of synthetic raiiioactivc iodocasein and of I’’* during hypo- 
thyroidism and euthyroidism, ./. Clin. Invcrligalion 27: .539 (Soc. Proc.) (July) 1948. 
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Buccal administration, using the tablet as described, is accordingly less 
variable in effect. By either method the steroid hormone is absorbed into 
the systemic rather than into the portal circulation. Physiologically, the 
buccal route is superior, compared on the basis of the effects of equal doses. 

Summary 

Alpha-estradiol administered by the buccal route in polyethylene glycol 
tablets exhibits a high order of clinical efficiency, generally exceeding that 
of estradiol esters given by injection. This has been demonstrated by the 
results in 103 patients with estrogen deficiency, in most of whom a daily 
dose of 0.25 mg. was adequate for control. By this route, as by all other 
routes used, estradiol is devoid of clinical toxicity. 

626 Medico-Dental Building, George Joyce Hall, M.D. 

Sacramento, California. September 30, 1948. 

REFERENCE 
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TO THE editor: 

ANTIHORMONE FORMATION DURING CHORIONIC 
GONADOTROPIN THERAPY 

T he administration of gonadotropic extracts from heterologous sources 
frequently elicits antihormone formation in man (1) whereas homol- 
ogous source material does not cause hormone antagonists to develop (2). 
There are patients whose sera were found to contain substances capable of 
inhibiting the action of chorionic gonadotropin but in all of these a pitui- 
tary extract had also been given (3, 4). 

In order to assess possible antihormone formation in response to a highly 
purified chorionic gonadotropin,^ serum samples were obtained from pa- 
tients receiving chorionic gonadotropin for a study of this hormone’s effect 
on the functional life of the corpus luteum (5). One patient received 
20,000 i.u. daily from February 12 to March 10 and 10,000 i.u. daily from 
July 13 to August 3, a total of 760,000 i.u. in two periods of intensive 
treatment. The patient’s'serum was tested eleven and thirty-one days after 
the last injection. The two to three-fold increase in mouse ovarian weight 
induced by 20 i.u. of chorionic gonadotropin was completely prevented by 
concomitant administration of the patient’s serum. No such antagonistic 
action, however, could be demonstrated six months after the last injection. 

' Chorionic gonadotropin (Antuitrin-S ) was generously supplied by Dr. D. A. 
IMcGinty of Parke-Davis and Company. 
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improvement of (he symptoms of estrogen deficiency. Tliis medication was 
then stopped and the vaginal condition and symptoms of the menopause 
recurred. The patients then received the estradiol tablets by the buccal 
route. A daily tablet of 0.25 mg. of estradiol (1.75 mg. per week) was given 
during the following month. A more complete vaginal cornification and a 
,morc pronounced improvement of the subjective symptoms was noted 
than with the injection method. "When 1 mg. of alpha-estradiol benzoate 
was administered intramuscularly twice a week for one month and was 
followed by 0.25 mg. of estradiol in buccal tablets daily for one month, it 
was again found that the clinical and subjective effects of the latter 
(1.75 mg. per week) exceeded those of the injected hormone (2.0 mg. per 
week) in most instances ; and in all cases were at least equal. 

Buccal alpha-csiradiol versus oral ethinyl estradiol: Comparisons were 
made on the basis of 0.1 mg. of buccal estradiol versus 0.05 mg. of oral 
ethinyl estradiol. The vaginal epithelium responses after the buccal tablets 
were always as good as, and in the greater number of cases, better than, 
those with oral ethinyl estradiol. The subjective improvement was in- 
variably more pronounced with the buccal material. 

.M\ of the estrogens mentioned here were u.sed so that a fair comparison 
could be made. None of them gave as complete relief subjectivelj' and 
objectivelj* as was experienced with the new tablet preparation. 

All patients using the buccal tablets experienced an increased feeling 
of well being. All subjective sjTnptoms due to estrogen deficiency were 
controlled, and many patients volunteered the information that they had 
not felt so well in a long time, even when receiving intramuscular injections 
regularly. No untoward effect of anj* kind was reported. In menopausal 
patients sjonptoms were well controlled; and in those •ndth other ovarian 
disorders menstrual function was improved. Nervous symptoms were 
controlled or improved to the point of complete comfort. Vulvar and anal 
dermatitis (3 patients) disappeared when the vaginal epithelium attained 
the condition seen in full estrus. Objectively, there was uniform improve- 
ment in the vaginal smear, comparable to the subjective improvement. As 
judged by the smears, all patients showed adequate estrogenic response 
and a few showed some degree of hj'perestrogenic acti^’ity, indicating the 
need for reduced dosage. 

Because of the efficiency of the buccal tablets it became increasingly 
apparent that estrogen should not be administered for more than three of 
each four weeks, a plan followed here for manj' j’^ears. 

Wliile sublingual administration of estradiol in solution in propylene 
glycol and alcohol affords clinical acthuty of the same order as that ob- 
tained on injection of its esters, the method requires too frequent dailj’’ 
doses and too much dependence on careful cooperation by the patient. 



The 1949 Meeting of the Association 
for the Study of Internal Secretions 


Friday and Saturday, June 3 and 4 

Headquarters: Chalfonte-Haddon Hall, Atlantic City, New Jersey. 

Registration: Everyone attending the meetings is requested to register, 
A fee of SI. 00 will be charged non-members of the Association. Member- 
ship cards should be presented when registering. 

The Scientific Sessio7is: The Scientific sessions will be held in the Viking 
Room of the Haddon Hall Hotel and programs will begin promptly on 
schedule. Papers presented at all meetings are planned for ten minutes, 
unless otherwise noted, and owing to the heavy schedule must be kept 
within this limit.- Manuscripts of all papers should be submitted to the 
presiding officer or Secretary-Treasurer at the end of the presentation. 

Annual Dinner: The Annual Dinner of the Association will be held on 
Friday evening, June 3, at 7:30 o’clock in the Rutland Room of the Had- 
don Hall, preceded by cocktails at 6:30 o’clock in the West Room. Secure 
tickets at time of registration. 

Council Meetings: There will be a meeting of the Council on Thursday 
afternoon, June 2, at 2:00 o’clock, and a luncheon meeting on Friday, 
June 3. 

Business Meeting: The Annual Business Meeting of the Association and 
Election of Officers will be held at 4:30 p.m., June 4, in the Viking Room 
of the Haddon Hall. 

Local Arrangements: Dr. Matthew Molitch, 705 Pacific Avenue, At- 
lantic City, New Jersey, is in charge of the local arrangements for the 
meetings. 

Secretary-Treasurer: Henry H. Turner, 1200 North Walker Street, 
Oklahoma City 3, Oklahoma. 

PROGRAM 

FRIDAY, JUNE 3, 1949 
9.T5 a.m. — C. N. H. Long, presiding 

1. Pipexido-methyl-benzodioxane (933-F); Some Pharmacological and Experimental 
Observations. B}’- Evan Calkins (by imdtation), George W. Dana (by invitation), J. C. 
Seed (by invitation) and John Eager Howard. 

2. Nor-Epinephrine in Adrenal Medulla. By Marcel Goldenberg and Mogens Faber 
(introduced by R. F. Loeb). 
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Tims, in the absence of any other hormone treatment, a Iiighly purified 
chorionic gonadotro])in excited antihormonc formation. It is .suggested 
that the manii)ulation necessary to gain purity may have altered or de- 
natured the hormone so that it could be antigenic in the large amount ad- 
ministered. 

Hulgcrs Umvcrsiltj, .T.vmks II. Lk.vthem, Ph.D. 

Xar Brunswick, X. J. .Tames T. Bradhuiiy, Ph.D. 

and .lamuiry 19, 1919. 

Slate Univcrsilii of loira, 

Iowa Citij, Iowa. 


UEFEUEN'CES 

1. Le.ktiiem, .1. H.: TIic .'intiliormoac problem in clinic.^l endocrine ther.ipy, .7. Clin. 
Endocrinol. 4: .')00-.504 (Oct.) 1944. 

2. Le.vthem, .1. H., and Rakofe, .-V. E.: Are antihornionc.s formed during pregnaney? 
Am. J. Obs(. it Gi/ncc. 51; 97-99 (.Tan.) 194G. 

3. Segaeoff, a., and Parson, tV.: Hypogonadotropic cumicboidism: report of case with 
failure to respond to chorionic gonadotropic hormone due to antihormones, J. Clin. 
Endocrinol. 7: 130-133 (Feb.) 1947. 

4. Le.athem, j. H., and Rakoff, A. E.; Studic.s on antihormone specificity with particu- 
lar reference to gonadotropic therapy in the female, J. Clin. Endocrinol. 8; 262-268 
(.March) 1948. 

5. Brown, W. E., and Braddcry, J. T.: A study of the physiologic action of human 
chorionic hormone, .'l»i. J. Obst. it Gijncc. 53: 749-757 (May) 1947. 


TO THE editor: 

INSULIN THER.APY FOR RELIEF OF P.AIN IN 
OSTEITIS DEFORM.ANS 

S EVER.AL year.s ago I suggested the use of insulin in the treatment of 
osteitis deformans (Paget’s disease). Since then I have continued to use 
it in many patients in a daily dose of from ten to fifteen units of protamine 
zinc insulin. The rationale of this therapy is as follows: 

It has been found that the majority of patients vdth osteitis deformans 
have a lowered sugar tolerance. About one-third of 41 patients with osteitis 
deformans gave a family history of diabetes. The serum phosphatase level 
is elevated in the' disease and this enzjTne is concerned with both bone 
formation and carbohydrate metabolism. 

Insulin is not suggested as a cure or as a remedj" to arrest the process, but 
for the alleviation of pain. 

I should like to suggest that other clinicians attempt to verify this in 
their own cases of osteitis deformans. 


964 Fisher Building, 
Detroit 2, Michigan. 


Robert C. Moehlig, M.D. 
Januar}’ 24, 1949. 
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lism. By Paul Fourman (by invitation), Edwin J. Kepler, Edward C. Reifenstein, Jr., 
and Eleanor F. Dempsey (by invitation). 

21. Changes in Urinary Steroids Produced by Sodium Deprivation and by Desoxy- 
corticosterone Acetate Administration. By William H. Daughaday (by invitation) and 
Cyril M. MacBryde. 

22. The Evaluation of Adrenocortical Function by Ascertaining the Reponse to a 
Single Injection of Adrenocorticotrophin. B}'- H. W. McIntosh (by invitation), B. Singer 
(by invitation) and M. M. Hoffman. 

23. The Level of Circulating Eosinophils as an Indicator of Adrenal Cortical Ade- 
quacy Following Major Surgery. By Marcel Roche (bj’’ invitation), A. Gorman Hills (by 
invitation) and George W. Thorn. 

24. Is the Protein Metabolic Abnormality of Cushing’s Syndrome Catabolic or Anti- 
Anabolic? B}'’ Sheldon Margen (by invitation), Laurence W. Kinsell, Erin K. Flanagan 
(by invitation), Lila E. Suiter (by invitation) and Elliot Rapaport (by invitation). 

25. Hypokaliemic Alkalosis in Cushing’s Syndrome. Observations on the Effects of 
Potassium Chloride and Testosterone Proprionate Therapy. By Robert Teabeaut (by 
invitation), Frank L. Engel, and Haywood M. Taylor (by invitation). 

26. The Mechanism of Action of Testosterone in the Therapy of Cushing’s Syndrome. 
By Frederick C. Bartter (bj'' invitation), Anne P. Forbes, William M. Jefferies, Evelyn 
L. Carroll (bj’^ invitation), and Fuller Albright. 

SATURDAY, JUNE 4, 1949 
'9:00 a.m. — E. A. Doisy, presiding 

27. Metabolism and Distribution of Thiourea in the Rat as measured with Radio- 
active Sulfur. By John Schulman, Jr. and Richard P. Keating (introduced by Rulon W. 
Rawson). 

28. The Tracer Technique with Radioiodine I^®^ as a Potential Substitute for the 
Basal Metabolic Rate Determination in Routine Clinical Practice. By Sidney C. 
Werner. 

29. The Distribution and Metabolism of Circulating Testosterone. By C. D. West 
and L. T. Samuels. 

30. Pseudo-hypoparathyroidism: A Report of Two New Cases with Special Reference 
to the Epiphyseal Changes. By Harold Elrick (by invitation), Frederic C. Bartter (by 
invitation), Adney Sutphin (by invitation) and Fuller Albright. 

31. Quantitative Measurements of the Growth of Axillary Hair as an Index of the 
Endocrine Status. By James B. Hamilton. 

32. The Effects of Testosterone Propionate on the Peripheral Blood and Bone 
Marrow of Women with Advanced Carcinoma of the Breast. By Timothy R. Talbot, Jr. 
(by invitation) and George C. Escher. 

33. Effects of Small Doses of Testosterone Propionate on Spermatogenesis. By Cleve 
Beller (by invitation) and Henry H. Turner. 

34. Endocrine Factors in Gout: The Significance of Differences in Childhood and 
Adult Urate Metabolism. By William Q. Wolfson, David Krevsky, Rachmiel Levine (by 
invitation), Kinu Kadota (by invitation) and Clarence Cohn. 

35. The Effect of Castration, of Unilateral Castration and of Pregnancy in Unilater- 
ally Castrate Rats on the Ovary Transplanted into the Spleen. By Gerson R. Biskind 
and Morton S. Biskind. 

36. The Occurrence of Conjugated Sulfates of Estrogens in Human Pregnancy Urine. 
By Herman Cohen (by invitation) and Robert W. Bates. 
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3. Studies on an Anti-Diuretic, Xon Chlonirclic Substance Extracted from Urines of 
Xormal and Cirrhotic Sul)jocts. Ry Elaine P. Kalli, Stepiicn Leslie (by invitation), 
George n. Stucck, .Tr. (by invitation) Mary E. Dumm and Bertram Laken (by invita- 
tion). 

4. A Method for the Assay of Prolactin in Human Urine. By Richard L. Coppedge 
(by invitation) and Albert Segaloff. 

5. Tliyrotrophic and Tliyroid Hormone Ass.ay of Xormal and Pathologic Human 
Sera in the Stasis Tadpole. By S. A. D’Angelo, A. S. Gordon, K. E. Paschkis and A. 
Cantarow. 

G. Estimation of Urinarj’ Gonadotrophin of theXon-pregnant Human b}’ the Mouse 
Uterine Weight and Ovarian Hy])crcmia Rcsponse.s. By Charles W. Lloj’d, ^luriel 
Morley (by invitation), Kathryn Morrow (by invitation), .Julia Lobotsky (by invitation) 
and Edward C. Hughes (by invitation). 

7. Further Studies of .Antigonadotrophin Formation in ^^an. By .James H. Lieathem 
and A. E. Rakoff. 

S. The Evaluation of the Use of Anterior Pituitary Extract in the Treatment of 
Pituitary Dwarfism. By .Joseph C. Edwards, Cecil M. Charles (by invitation) and CxTil 
M. MacBryde. 

9. On the Inability of Adrenocorticotroidiic Hormone or Epinephrine to Deplete the 
Ascorbic Acid of the Chick Adrenal. By Xorman F. Boas (by invitation) and .Joseph W. 
Jailer. 

10. Regulation of Pituitary Adrenocorticotrophic Activity by Adrenal Cortical Hor- 
mones. By Chi-Ping Cheng (introduced 1)3* George S.ayers). 

11. Adequac3’ of Pituitarx- Adrenocorticotrophic Function in Nutritional Deficiencies. 
By George Sayers. 

12. Effects of Prolonged Adrenal Cortical Stimulation upon Free and Esterified 
Serum Cholesterol in Xormal Men. B3' Jerome W. Conn, and William C. Vogel (by in- 
^'itation). 

13. Possible Involvement of the Adrenal Cortex and Tln'roid in Mobilization of Fat 
to the Liver. B3' Louis Levin. 


FRIDAY, JUNE 3, 1949 
2 :00 p.m. — J. S. L. Browne, presiding 

14. Stimulation of Nitrogen b3’ Adrenal Cortical Extract during Insulin H3'pogl3'- 
cemia. B3' Frank L. Engel. 

15. Renal Function in Normal and Adrenalectomized Rats following Saline or 
Adrenal Steroid Administration. B3' W. R. Boss (b3’’ invitation) James H. Birine and 
Robert Gaunt. 

16. Adrenal Cortical Hormone in Blood. B3'’ K. E. Paschkis, A. Cantarow and D. 
Bo3'le (by invitation). 

17. Urinary Corticoids. By Eleanor H. Venning, M. P. Ripstein (63' in'vitation) and 
V. E. Kazmin (by inxntation). 

18. Studies on the Interrelationship of Adrenal and Th3T:oid Function. B3' Robert S. 
Reiss, Peter H. Forsham (by invitation) and George W. Thom. 

19. Clinical and Metabolic Changes in Addison’s Disease Following the Administra- 
tion of Compound E Acetate (ll-dehy^dro, 17-h3'drox3'-corticosterone acetate). By P. H. 
Forsham (63”^ invitation), ■ L. L. Bennett (by invntation), M. Roche (63’' invitation), 
R. S. Reiss, A. Slessor (by invitation), E. B. Flink (by invitation) and G. W. Thom. 

20. Effect of a Single Dose of Desoxycorticosterone Acetate on Electrolyte Metabo- 
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54. Synthesis of Testosterone from Androstenedione-3, 17 by Testis Tissue. By Leo 
T. Samuels, Blaine H. Leveclahl (by invitation), M. L. Helmreich (by invitation), and 
M. M. Pottner (by invitation). 

55. The Role of the Adrenal Cortex in Some Somato-Sexual Aberrations in Infants 
and Children. By M. M. Melicow. 

56. Effects of Compound E on Blood Ketone Bodies. By Leslie L. Bennett (by invita- 
tion), Alexander Slessor (by invitation) and George W. Thorn. 

57. The Effect of Dietarj'' Protein on the Ability of the Liver to Inactivate Estradiol 
in the Rat. By Joseph W. Jailer, 

58. Pregnanediol Excretion in Cases of Blighted Ovum. By A. B. Abarbanel, Robert 
Hoyt (by invitation) and M. G. Levine (by invitation). 

59. A Mechanism of Potassium Deficiency in Alkalosis. By Charles H. Burnett, 
Belton A. Burrows (by invitation) and Robert R. Commons (by invitation). 

60. Effects of Hemopoietic Agents on Blood Formation in Hypophj’^sectomized Rats. 
By Robert Gerstner (by invitation) and Albert S. Gordon. 

61. The Relative Effectiveness of Desoxycorticosterone Acetate in Oil Solution and 
in Pellets Diluted with Cholesterol, By Albert Segaloff. 

62. Adrenal Cortex Activity in Essential Hypertension. By Louis Tobian, Jr. and 
Harold Joseph (introduced by Carl A. Bunde). 

63. The White Blood Cell Response of Rats to Adrenalectomy, Stress, and Panto- 
thenic Acid. By JMary E. Dumm, Paul Roth (by invitation), Paul Ovando (by invita- 
tion) and Elaine P. Ralli. 

64. Role of Emotional Stress in the Survival of Adrenalectomized Rats given Replace- 
ment Therapy. By Miguel R. Covian (introduced by Curt Richter). 

65. The Androgenic Activity of New Esters of Testosterone. By A. J. Bergmann and 
Lloyd C. Miller (introduced by John S. L. BroAvne). 

66. Effect of Androgen and Growth Hormone on the Rat’s Os Penis. By Wm. R. 
Lyons, EdAvard Abernethy (by invitation) and Mark Grooper (by inAutation). 

67. The “Thiocyanate Space” and “Iodide Space” in the Thyroid Gland. By J. F. 
McClendon, William C. Foster (by invitation) and Emerson Reed (by invitation). 

68. A Comparison of the 17-Ketosteroid Excretion of Cases of Cushing’s Syndrome 
Due to Adrenal Tumor with Those Due to Hyperplasia (Hyperfunction). By Anne P. 
Forbes, Evelyn L. Carroll (by invitation) and Mary L. Wheeler (by invitation). 

69. Sex Hormones and Staphylococcus Infections. By Manuel Villaverde. 

70. The Problem of Allergy to Steroid Hormones. By George P. Heckel. 

71. Intravenous Estrogen in Menometrorrhagia in the Human. By A. R. Abarbanel. 

72. The Incidence of Cancer in Endocrine Case Histories. By J. K. Fancher and Jean 
Brooks (by invitation). 

73. Renal Clearances in Patients with Cirrhosis of the Liver, Avith and without Ascites. 
By Stephen H. Leslie, Barbara Johnson (by invitation) and Elaine P. Ralli. 

74. Porphyria Simulating Anorexia Nervosa. By Bernard A. Watson. 

75. Hemosedimentation Test in Obesity. Aulo Pinto Vi4gas. 

76. The Effects of Vitamin B, Thyroid, and Adrenal Alterations on the Amino Acid 
Oxidase Activity of Rat Liver and Kidney. By Samuel R. Tipton and Frances M. Colvin 
(by invitation). 

77. The Problem of Endemic Gciter in Yunnan Province. By Isidor Greenwald. 
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37. Hormonal Factors Producing: llic Gaiiictokinctic Response in tlic Male Frog 
(Rana Pipiens). By Robert B. Greenblatt, Sarah Clark (l)y invitation) and R. M. West 
(by invitation). 

3S. Action of Estrogens on Release of Luteinizing Hormone in Menopausal Women. 
By Arthur A. Hellbaum, ,T. W. Funnell (by invitation) and E. C. Keaty (by invitation). 

39. The Hormonal Pattern in Pscudocyesis. By A. E. RakofT and Paul II. Fried (by 
iinntation). 

40. Management of Threatened Abortion in the Human with Large Dose.s of Prcthyl- 
stilbestrol. By A. B. Abarbanel. 

SATURDAA', .lUNE 4, 1949 
2:00 p.m. — C. H. Best, pre.«iding 

41. A Hyperglycemic Factor Extracted from the Pancreas. 10 mins. By I. .1. Pincus 
(introduced by A. E. RakofT). 

42. Studie.« in Carbohydrate Metabolism in Decerebrate Rats. 10 mins. By Evelyn 
Anderson and Webb Haymaker (by invitation). 

43. Factors .AfTecting the Volume of the Island.s of Langerhans. 15 mins. By R. E. 
Haist. Margaret Evans and B. Kinash (introduced by C. H. Best). 

44. Studies on the Scrum Potassium in Diabetic Acidosis. 15 mins. By Carl S. Nadler, 
Samuel Bellett and Mary Lanning (introduced by C. H. Best). 

45. Pyruvic and Citric Acid Metabolism. 15 mins. By Max Miller and Ernest Bued- 
ing (introduced by C. H. Best). 

40. Changes in Inorganic Scrum Phosphorus during the Intravenous Glucose Toler- 
ance Test as an Adjunct to the Diagnosis of Earlj- Diabetes Mellitus. 15 mins. Bj* Peter 
H. Forsham (by invitation), Marcel Roche (by invitation) and G. W. Thorn. 

47. The Metabolism of Glucose and Galactose when Administered Simultaneously to 
Man. 10 mins. By G. C. Walsh (by invitation), M. M. HofTman, H. T. McAIpine (by 
invitation) and E. H. Mason (by invitation). 

48. Studies in Fat Aletabolism. 1. Steroid Hormonal Effects Upon Blood Ketones and 
Other Intermediate Products of Fat and Protein Catabolism. 10 mins. By Laurance W. 
lunsell, Sheldon Margen (by inxdtation), George D. Michaels (bj- inxdtation), Bettx' T. 
Signorotti (by inxitation) and D.axdd P. AIcCallie (by invitation). 

49. The Urinary Excretion of Corticosteroids in Diabetic Acidosis. 10 mins. Bj' 
Janet W. McArthur, Randall G. Sprague and Harold L. Mason. 

50. Steroid Diabetes Associated ■with Cushing's Sjuidrome and Excretion of 17- 
Hydroxycorticosterone (Compound F) in Urine; Aletabolic Studies. 10 mins. By Randall 
G. Sprague, Ahdn B. Hayles (by invitation), Harold L. Mason, Marschelle H. Power (by 
imitation) and Warren A. Bennett (by invitation). 

51. Behaxior of Electrolytes During Treatment of Diabetic Keto-Acidosis. 10 mins. 
By Jonas M eissberg, (by invitation), Thomas H. AIcGavack, A. AI. Shearman (by in- 
xitation) and I. J. Drekter. 

TO BE READ BY TITLE 

52. Correlation of Vaginal Smears and Endometrial Biopsies in Normal C 3 mles and 
in Gj’necic Disorders. By H. E. Nieburgs, Robert B. Greenblatt and S. Bamford (by 
imitation). 

53. The Effect of Pterojiglutamic Acid Antagonists on the Response of the Repro- 
ductive Accessories of C57 Alale Mice to Testosterone. By^ E. D. Goldsmith, H. M. 
Black (bj"^ in'vitation) and R. F. Nigrelli (bj' imitation). 
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Antithyroid Drugs. (Round Table Discussion) 

E. B. Astwobd, M.D.,- Boston, Massachusetts 
Radioactive Iodine. (Round Table Discussion) 

Mayo Soley, M.D., Iowa City, Iowa 
Current Treatment of Hyperthyroidism. (Round Table Discussion) 

John de J. Pemberton, M.D., Rochester, Minnesota 
Treatment of Hyperthj'-roidism. (Round Table Discussion) 

J. H. Means, M.D., Boston, Massachusetts 
When is a Malignant Goiter Malignant? 

Robertson Ward, M.D., San Francisco, California 
Incidence of Carcinoma of the Thyroid in Nodular Goiter, 

Warren Cole, M.D., Chicago, Illinois 

What Th 3 woid Nodules Are to be Feared? A Basis for Deciding upon Surgical Explora- 
tion, 

Oliver Cope, M.D., Boston, Massachusetts 
Papillary Tumors of the Tlij^roid. 

Shields Warren^ M.D., Boston, Massachusetts 
Non-encapsulated Sclerosing Tumor of the Thyroid. 

J. Beach Hazard, M.D., and George Crile, Jr., M.D., Cleveland, Ohio 
The Natural History of Thyroid Cancer. 

Edgar L. Frazell, M.D,, and Frank W. Foote, Jr., M.D,, New York, New York 
L 3 ’’mphosarcoma of the Thyroid 

Robert S. Dinsmore, M.D., Cleveland, Ohio 
Surgical Treatment of Carcinoma of the Thyroid. 

B, Marden Black, M.D., Rochester, Minnesota 
Radio-Iodine Therapy of Metastatic Carcinoma of the Thyroid: A Six Year Progress 
Report. 

S. M. Seidlin, M.D., Miss E. Oshry, I. Rossman and E. Siegel, New York, New 
York 

Radio-Iodine in the Treatment of Metastic Cancer of the Thyroid — Credits and Debits. 
Jack B. Trunnell, M.D., Miss Ruth Hill, Benedict J. Duff 3 ’’, Jr., M.D., Leonidas 
Marinelli, M.D., Wendell Peacock and Rulon W. Rawson, New York, New York 
Presidential Address — “Henry S. Plummer” 

Arnold S. Jackson, M.D., Madison, Wisconsin 
The Problem of Cancer of the Thyroid in a Non-Endemic Goiter Area 
David H. Poer, M.D., Atlanta, Georgia 

Some Goiter Problems Met With at West China Union University, Chengtu, Szechwan, 
China. 

Charles H. Arnold, M.D., Lincoln, Nebraska 
Cretinism. 

Harr 3 '^ Colfer, M.D., Madison, Wisconsin 
New Discoveries on the Innervation of the Larynx. 

Brien T. King, M.D., and Ralph Gregg, M.D., Seattle, Washington 
Metabolism Testing Under Anesthesia in Normal and H 3 "perthyroid Subjects. 

Elmer C. Bartels, M.D., Boston, Massachusetts 
Relationship of Lymphocytes and Fibrous Replacement to the Incidence of Postoperative 
J\'^3^\'edema. 

F. B. Whitesell, Jr., M.D., and B. Marden Black, M.D., Rochester, Minnesota 
Struma L 3 ’^mphomatosa. 

T. C. Davison, M.D., and A. H. Letton, M.D., Atlanta, Georgia 



Tlie 1949 Meeting of the 
Aniericaii Goiter Association 



The iinnual meeting of the American Goiter Association will be held at 
the Loraine Hotel in Madison, Wisconsin, Maj' 26 to 28, 1949. All mem- 
bers who have not made their hotel reservations are urged to do so immedi- 
atelv. 

PROGRAM 

Dict.-iry Factors in tlic Pathogenesis of Simple Goiter. 

Monte A. Greer, M.D., Martin G. Ettlingcr, M.D., anti E. B. AstwoocI, M.D., 
Boston, Massachusetts 

Compar.ativc Activity of Thiouracil and Other Antithyroid Compounds in the Rhesus 
Monkey. 

D. A. McGinty, M.D., and M. L. Wilson, M.D., Detroit, Michigan 
The Metabolic Fate of the Thyroid Hormone or its Derivatives. 

W, T. Salter, iM.D., New Haven, Connecticut 
Metabolic Studies wth Labelled Thyroid Compounds. 

Alexander Albert, M.D., and F. Raymond Keating, M.D., Rochester, Minnesota 
The Calorigenic Properties of Tctrabromthyroninc Tetrachlortln-ronine as Assa 3 *ed in 
Human Mj’.xedema. 

Jacob Lerman, M.D., Boston, Massachusetts 
ThjToid Hormone-Like Properties of Tetrabromthyronine and TetrachlorthjTonine. 
Charles E. Richards, M.D., Roscoe 0. Bradj', M.D. and Douglas S. Riggs, M.D., 
Boston, Massachusetts 

The Antithjwoxin Activitj* of ThjToxin Analogues. 

Ruth Cortell, M.D., New York, New York 

Thvroid-thjwotrophic Hormone Interaction in Bodj’ Fluids as Tested in the Starved 
Tadpole. 

Savino A. D’Angelo, M.D., New York, New York 
The Van dieter Prize Award Paper. 

To be presented bj' winner of the Award 
The Confessions of an Elderlj' Thyroidologist. 

J. H. Means, M.D., Boston, Massachusetts 
The Effects of Massive Doses of Potassium Iodide. 

T. S. Danowski, !M.D., Pittsburgh, Pennsj'lvania 
The Thj'roxin-like Action of Elemental Iodine 

Samuel Dvoskin, M.D., New York, New York 
The Functional Capacity of Various Tj-pes of Thyroid Carcinoma as Revealed by the 
Autoradiographic Demonstration of Radioactive Iodine. 

Patrick J. Fitzgerald, M.D., New York, New York 
A IMethod for the Preoperative Estimation of Function of ThjToid Tumors: Its Signifi- 
cance in Diagnosis and Treatment. 

Brown M. Dobyns, M.D., and Bengt N. Skanse, M.D., Boston, iSIassachusetts 
Thyroidectomj'. (Round Table Discussion) 

Richard B. Cattell, M.D., Boston, Massachusetts 
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CURRENT ENDOCRINE LITERATURE 

Editor: roy hertz. Collaborators: a. r. abarbanel, f. n. Andrews, b. l, baker, f. a. 

DE LA BALZE, ISRAEL BRAM, R. A. CLEGHORN, RUCKER CLEVELAND, C. D. DAVIS, ANNA 
FORBES, M. B. GORDON, H. S. GUTERMAN, M. M. HOFFAIAN, R. G. HOSKINS, C. D. KOCHAKIAN, 
H. S. KUPPERMAN, H. L. MASON, JANET W. MCARTHUR, THOMAS H. MCGAVACK, A. E. MEYER, 
K. E. PASCHKIS, A. B. PINTO, J. R. REFORZOMEMBRIVES, E. C, REIFENSTEIN, JR., G. G. RU- 
DOLPH, L. T. SAAIUELS 


PANCREAS 

Hides, C. : Gastric secretory response in hypoglycemia as produced dur- 
ing insulin shock therapy, Am. J. M. Sci. 214: 667 - 672 , 1947 . 

The purpose of this report is to emphasize that insulin shock therapy as employed in 
the treatment of mental disease may cause serious side effects. The study reveals the in- 
crease in gastric acidity in patients with schizophrenia when given insulin shock ther- 
apy. 

After a limited review of the literature, five cases are reported including graphs on 
the following data: sugar, total acid, free acid, blood, coma and bile. 

The cases illustrate the effect of hypoglycemia upon gastric secretion. In these 5 cases 
of schizophrenia given insulin shock treatment, a definite increase in the acid content of 
the stomach occurred during the periods of hypoglycemia and since it is believed that 
gastric hyperacidity is one of the contributorj’’ factors in the production of peptic ulcer, 
thorough gastro-intestinal studies should be completed in such patients before giving in- 
sulin. Measures to counteract or nullify the gastric secretory response to hypoglycemia 
should also be instituted. — E.C.R., Jr. 

Leech, R. S., and Ford, N. W.: A simple bedside method for the estima- 
tion of blood sugar, J. Lab. & Clin. Med. 33: 644 - 650 , 1948 . 

A simple method for rapid estimation of blood sugar, based on the reduction by glu- 
cose of dinitrosalicylic acid, was designed primarily for the physician or nurse with a 
minimum of time and equipment and limited laboratory facilities. In its present form, 
the method is not suitable for estimating very low blood sugar values; between 50 and 75 
mg. per cent it is possible to make fairb'- good approximations. Comparison of the results 
obtained on 60 blood samples, using the method described, with those of other standard 
methods, shows that they check closely with the determinations as carried out by the 
Folin-Wu macromethod and the Folin-Malmros or the rapid Hagedorn-Halstrom-Jen- 
sen micromethods. — T.ff. McG. 

Millard, E. B., and Root, H. F.: Degenerative vascular lesions and 
diabetes mellitus. Am. J. Digest. Dis. 15; 41 - 51 , 1948 . 

The authors analyzed the autopsies of 110 diabetic patients who had been studied at 
the New England Deaconess Hospital from 6 months to 29 years and whose deaths oc- 
curred between 1940 and 1945. The average duration of life after the onset of diabetes was 
9.S years. The average life expectancy in this group was 44 per cent of the general popula- 
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Total Tliyroulcntoiny; A Siii)])lcincn(al Report of 2S0 Cases of Diffuse Toxic Goiter 
Treated by this Mctlioil. 

A. C. Scott, .Ir., M.D., and R. M. Ramey, M.D., Temple, Texas 
Pneumothorax Followinc; Thyroidectomy (A Report of Two Cases) 

Idndon Seed, M.D,, Chicapo, Illinois 
A Simplified Clinical Method for tlie Determination of Hlood lotline. 

Arthur C. Connor, M.D., Roy 1C. Swenson, M.D., Georpe M. Curtis, M.D., Colum- 
Inis, Ohio 

Treatment of Recurrent Hyperthyroidism. 

William S. Reveno, M.D., Detroit, Michigan 

Tlie 1949 Aiiimial Meeting of tte 
American Diabetes Association 

Cn.\I.FONTE-H.\DDOX H.\LL, 

Atl.vntic City, N. .T. 

S.\TURD.\Y Afteuxoox, Juxe 4; 

Sunday Morning and Afternoon, June 5. 

B.vnquet, S.aturd.\y Night. 

Plea.se send reservations for the banquet now to this office. Wives of mem- 
bers are welcome. Dinner subscriptions — .$6.00 — Payable when you register 
at the meeting. 

LAURENTIAN HORMONE CONFERENCE 

The Laurentian Hormone Conference of the A.A.A.S. will hold its 1949 
meeting at the Forest Hills Hotel, Franconia, New Hampshire, September 
12 through 17. 

Attendance at this Conference is limited by the accommodation avail- 
able at the hotel but the Committee on Arrangements invites applications 
for attendance from interested investigators and specialists in the hormone 
field. The Committee on Arrangements consists of R. W. Bates, E. R. 
Squibb & Sons; R. D. H. Heard, McGill University; A. D. Odell, Charles 
E. Frosst & Co.; E. C. Reifenstein, Jr., Sloan-Kettering Institute; A. 
White, School of Medicine, University of California at Los Angeles; and 
G. Pincus, Chairman, The Worcester Foundation for Experimental 
Biology. 

Applications for attendance at the Conference should be sent to the 
Chairman at 222 Maple Avenue, Shrew.sburj’-, Massachusetts. Applica- 
tions to be considered by the Committee must be received by June 6, 1949. 
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stilbestrol and progesterone were given to the patients in varying amounts. Compared to 
a group reported previously by the same authors, in which no hormones were employed, 
the current group exhibited an increase in fetal survival from 60 to 76.9 per cent — J.M. 

Reed, J. A.; Statistical analysis of deaths from diabetes in the District of 
Columbia for a period of 42 years — 1903-1944 inclusive. Preliminary 
report and analysis: a comparison of two five-year periods -1903-1907 
and 1940-1944, Am. J. Digest. Dis. 15: 233-238, 1948. 

The author’s analysis was based on data obtained from the death certificates, signed 
by the attending phj'sician, which were filed with the Division of Vital Statistics of the 
Health Department of the District of Columbia. The cases were divided into two groups: 
1) those in which diabetes was the immediate or primary cause of death, and 2) those in 
which diabetes was a secondary or contributing cause of death. The two five-year periods 
represent intervals approximately 20 j'ears before and after the institution of insulin 
therapy. Although the population of the area increased 2| times between 1903 and 1944, 
the deaths due to diabetes increased fivefold. In the 1903-1907 period, 77.5 per cent of 
the deaths of diabetics were due primarily to diabetes; in the 1940-1944 period, this fig- 
ure dropped to 27.5 per cent. The author felt that this significant change was due to bet- 
ter medical management of diabetes through diet and insulin. With improved therapy, 
patients lived longer and other primary causes of death came to the fore. Whereas males 
constituted 53 per cent of diabetics who died in the first period, they constituted only 37 
per cent in the second period. Between 1903 and 1907, 70 per cent of the population was 
white and 30 per cent was colored : ninety-two per cent of the diabetic dead were white 
and 8 per cent were colored. Although the population composition between 1940 and 1944 
remained the same as in the earlier period, the whites accounted for 71 per cent of the 
deaths and the colored for 29 per cent of the deaths in the later period. When diabetes 
was the primary cause of death in those cases complicated by gangrene, the incidence of 
these cases Avas 8 per cent in the 1903-1907 period and 19 per cent in the 1940-1944 in- 
terval. Similarl}’- Avhere coma and/or acidosis complicated diabetes, the incidence rose 
from 49 per cent to 55 per cent. HoAveAmr, when these complications were present in the 
cases which included deaths primaril}'- due to diabetes as well as deaths in Avhich diabetes 
was a contributing factor, the incidence fell from 40 per cent to 17 per cent. The average 
age at death of all diabetics in both periods AAms the same (59.7 years). The average age 
of those patients in Avhich death Avas primarily due to diabetes aa^s 50 years in the period 
1903-1907 and 54.6 years in the period 1940-1944. It Avas pointed out that the percentage 
of cases treated in hospitals rose from 19 per cent to 53 per cent. Where diabetes AA^as a 
contributing cause of death, the incidence of cardioA^ascular-renal diseases remained un- 
changed in the tAvm periods. — H.S.G. 

ScHWABTZMAN, J.; Crusius, M. E., and Beirne, D. P.: Diabetes mellitus 
in infants under one year of age : report of a case and review of the litera- 
ture, Ai7i. j. Dis. Child. 74; 587-606 (Nov.) 1947. 

This is a general reAueAV of the subject AAdierein 57 cases of diabetes mellitus in infants 
under one year reported in the literature to date are presented in tabular form (from as 
early as 1850) giAung the author and reference, age at onset, sex, family history of dia- 
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tioii avcraRO. Among the younger patients (loss than 33 years of age) wlio died within six 
years of the development of diabetes, none showed arteriosclerosis. Wlion diabetes had 
been present in this group for more than 14 years, all patients showed severe degenerative 
vascular lesions (coronary atheromata, intcrcapillary glomerulosclerosis, pyelonephritis, 
nciihrosclerosis and chronic glomendonephritis). and hypertension. Among the 100 pa- 
tients analyzed, the cause of death was directly attril)utablc to diabetes in 5 instance.s; 
diabetes was a “critical factor’’ in the deaths of S5 patients. Diabetic coma accounted for 
3 per cent of the deaths. Thirty-six per cent of the deaths were due to degenerative heart 
disease. Sixty-eight per cent of the hearts examined showed some degree of coronarj- 
artery narrowing. Forty-one per cent of the patients had no palpable dorsalis pedis ar- 
tery pulsations before death. Degenerative vascular lesions in the kidneys were seen in 
52 per cent of the cases. Abnormalities in the i)ancreas were noted in 79 per cent of the 
patients. Hypertension was present in 59 per cent of the people examined. 

The authors felt that premature vascular Ic.sions were postponed in those cases in 
which diabetic coma, acidosis, and hypoglycemic reactions were avoided bj' careful medi- 
c.al management. — II.S.G. 

Mirsky, I. A.; PoDORE, C. J.; Wach.vax, J., and Broh-K.a.hx, R. H.t The 
urinary excretion of insulin by normal and diabetic .subjects, J. Clin, 
hu'cstigation 27: 515-519, 194S. 

The problem of urinary excretion of insulin has been reinvestigated in an effort to 
clarify previous conflicting reports. A procedure was devised for assajdng small quan- 
tities of insulin which had been added to urine before and after lyophilization. Results of 
assays in normal and diabetic subjects showed stati.stically significant differences; the 
average daily excretion of insulin by normal subjects was 0.16 +0.04 units, that of mildly 
diabetic subjects who did not require insulin 0.07 +0.03 units. Of even greater interest 
was the finding that both normal and diabetic subjects excreted only infinitesimal frac- 
tions of large doses of exogenous insulin. Two diabetic patients with “insulin resistance” 
excreted less than did nondiabetic subjects ivlio had received large amounts of exogenous 
insulin. One of these patients, requiring 240 units per day, excreted 0.2 units daily; the 
other, with a daily requirement of 350 units, excreted 0.3 units. In comparison to these 
figures, 0.6 units were excreted by the nondiabetic subject after injection of 400 units. 
The assumption that insulin undergoes a rapid destruction within the body is indicated 
by the data from these studies. — T.H.McG. 

Mosenthal, H. 0.: Management of diabetes mellitus; an analysis of pres- 
ent day methods of treatment, Ann. Int. Med. 29: 79-90, 1948. 

This is a re^ew article which proposes a three point plan in the management of dia- 
betes. The value of normal blood sugar concentrations and avoidance of gh'cosuria is 
recognized, but the avoidance of h 3 ’’poglycemia is the paramount consideration. Adjust- 
ment of food intake, diet calculations, auto-urine analj'sis, and medical supervision is 
fundamental. Attention should be given to the conservation of qualitative nutrition as 
measured bj' hemoglobin, red blood cell count, serum protein levels, and avoidance of 
obesitj' — C.D.D. 

Palmer, L. J.; Crajipton, J. H., and Barnes, R. H. ; Pregnancy in the 
diabetic, TFes(. J. Surg. 56: 175-177, 1948. 

Thirtj'-nine pregnancies in 37 diabetic women are the subject of this study. Diethj-1- 
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ZiMMERMANN, B., and Donovan, T. J.; Hyperglycemic effect of insulin, 
P/iysfoL 153: 197-204, 1948. " ' , ■ 

Commercial insulin possesses a hyperglycemic property. which- ismot destroyed when 
the hypoglycemic effect is inactivated. Amorphous and crystalline insulin inactivated 
with cysteine showed equal hyperglycemic effects in dogs with respect to magnitude and 
duration. In pancreatectomized dogs not treated with insulin the hyperglycemic re- 
sponse was small and the blood ketone bodies rose simultaneously with, the blood sugar 
following administration of both natural and inactivated insulin. The inactivated insulin 
does not protect mice against insulin convulsions. It is concluded that the hyperglycemic 
principle acts on the hepatic glycogen reserves but does not neutralize the hypoglycemic 
effect of insulin. — A.E.M. 

GENERAL ' - 

De Vries, A., and Alexander, B.: Studies on amino acid metabolism. II. 
Blood glycine and total amino acids in various pathological;conditions, 
with observations on the effects of intravenously administered glycine, 
J. Clin. Investigation 27: 655-664, 1948. — - * ’■ ■■ 

The glycine and total a-amino N levels were studied. in several pathological con- 
ditions, including a group of endocrine diseases. All glycine.yalues, were; low, In, a hyper- 
metabolic patient with a mimpathy simulating myasthenia gravis. Elevated values, 
persisting for at least one month after ablation of the hjqjophysis, were observed in an 
acromegalic patient. Blood amino N was normal in the hypermetabolic subjects tested 
Glycine showed a tendency to elevation in 5 cases of hypometabolism; in only one, a 
cretin, was the a-amino N also increased. Plasma amino N, originally low in a patient 
with hypometabolism and nutritional hypoproteinemia, rose steadily, while plasma gly- 
cine values increased suddenly from low normal and remained elevated. In one patient 
with hypothyroidism and in one with acromegaly and hypermetabblifera, the glycine toler- 
ance test showed very high plasma and red cell glycine following injection, witli’an ab- 
normally slow decline; high fasting blood glycine was also noted in these two subjects. A 
marked rise in plasma glycine after injection, but with an essentially normal subsequent 
decline, occurred in one patient with hypometabolism and nutritional hypoproteinemia. 
Low normal plasma glycine was demonstrated in two insulin-treated diabetics, and ele- 
vated whole blood and red cell glycine in a case of Addison’s disease with scleroderma. 
T.H.McG. - 

Fabryhart, M., and Pacella, B. L. : Association of spontaneous hypo- 
calcemia and electrocerebral dysfunction. Arch. Int. Med.. 81 : 184-202, 
1948. . ... ' 

Eight patients presenting s 3 '-mptoms usually observed in psychoneurosis, spontaneous 
hj’-poglycemia or hypocalcemia, were studied. Oral glucose tolerance tests, serum calcium 
determinations, and electroencephalograms were done. The authors stressed the similar- 
itj”- of symptoms in all three conditions. A direct correlation between concentration of 
glucose in the blood and clinical symptoms was not found, and in the opinion of the au- 
thors an abnormallj'’ low curve for glucose tolerance is an important and sufEcient diag- 
nostic criterion when the clinical picture is present. The electroeijcephalographic changes 
consisted for the most part of slow type alpha rhythm and random 6 to 7 cycles per sec- 
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bctc?. syinptotns, laboratory findiiips (irlyrosuria, blood siinar), outcome, and autopsy ob- 
Fcrvations, To tbcse. a case of an S-montb-old pirl with diabetes mcllit»is is addofl. 

Heredity, infections and disonlcrs of the central nervous .system were the main etio- 
logic factors, in the order given. Early symptoms may be loss of weight, dry or sensitive 
skin, irritability and/or crystalline deposits on the diai)crs. Common comjdications were 
observed to bo; dermatologic conditions, gangrene, cataract, infections of the respiratory 
tract, acidosis and coma. The mortality rate of .50 cases was calculated, these having been 
divided into two periods — the preinsulin period extending to 1024, and the insulin pe- 
riod. from 192.5 to the i)rcscnt. The figures were .^,^..5% and .50% resiicctively. The com- 
monest observations at autoiisy were atrophy of the pancreas, with decrease in size and 
number of the islands of Langerhans, and fatty degeneration of the liver. 

Treatment is based on a diet approaching the normal one, sui)plcmented with insulin 
and vitamins, as needed. Furthermore, it is endent that the earlier the onset of diabetes 
mellitus, es])ccially if the p.atient is under 3 months of age. the worse the progno.sis; and 
the longer the disea.'C has j)crsistcd unrecognized and without jjroper treatment, the 
poorer the outlook. 

It is concluded, that from the standi)oint of the formulation of a prophylactic pro- 
gram, early detection of the disease is most important, so that proper care may be insti- 
tuted. The following iiroccdures are recommended: 1) in all eases with a familial hi.story 
of diabete.s: routine dextrose tolerance tests every two months for the first year and 
even.- .six months thereafter; 2) during infections: daily urinalysi.s. with sugar tolerance 
tests at the onset and at the end of the illne.ss; 3) after any infection: routine urinaly.sis 
every two weeks for a period of 3 months, followed by a dextrose tolerance test at the end 
of that time. — E.C.R., Jr. 

TurxMAX, P. E., and Wilhelm, S. K.: Pota.?.sium deficiency as.sociated 
with diabetic acidosis, Ami. Ini. Med. 29: 356-361, 1948. 

A case report is presented of a patient who developed respiratory distress and weak- 
ness seven and a half hours after treatment for diabetic acidosis had begun. The respira- 
torj' embarrassment was not relieved by oxygen but was rapidly relieved by oral potas- 
sium chloride. — J.M. 

Verzar, F., and Wenxer, V.: The influence in vitro of desoxjTorticoster- 
one on glycogen formation in muscle, Biochem. J. 42: 35-41, 1948. 

Sur\-iving rat diaphragm synthesizes glycogen in Ringer solution containing glucose. 
This process is accelerated by insulin and inhibited by desoxycorticosterone. The effect 
of 1 unit of insulin is completely inhibited by 5 to 10 mg. of the latter hormone. — H.L.M. 

WiLKERsox, H. L. C., and Heftmank, E.; Screening method for blood glu- 
cose, J. Lab. & Clin. Med. 33: 236-238 (Feb.) 1948. 

A simple and inexpensive method for blood glucose has been described. It is a modifi- 
cation of Hagedorn’s potassium ferrocyanide method. The method, using 0.1 ml. of 
blood and reagents in tablet form, is so designed as to demonstrate the presence of sugar 
within 5 minutes, only if the concentration is above an artibrarily selected critical level. 
In 50 cases examined by this method 25 blood samples below 170 mg. per cent glucose 
gave a negative result, 21 samples above ISO mg. per cent a positive result and four sam- 
ples between 170 and ISO mg. per cent either a positive or a negative result. — T.H.McG. 



400 ABSTRACTS OF CURRENT ENDOCRINE LITERATURE Volume 9 


servations on the ketosteroid content of urine from patients with pro- 
static carcinoma and adenoma, Cancer Research 7: 534-536, 1947. 

Determination Iw the method of Holtorff and Koch of 1 7-ketosteroids in 200 24-hour 
specimens of urine from 32 cases of prostatic carcinoma and 39 cases of benign prostatic 
adenoma revealed no cluiracteristic alteration of androgen excretion in the prostatic car- 
cinoma subjects. The values were characteristicallj’’ low as would be expected for the age 
group tested. There was a definite correlation between specific gravit}'^ and total urinary 
Amlume suggesting some relationship between renal function and ketosteroid excretion. — 
R.H. . • 

Merchante, Fermin Raul: Pregnancy test with tlie reaction of Galli 
Mainini, Semana med. 55: 49-53, 1948. 

In this test the urine of the patient is injected into the dorsal hmiph sac of the male 
toad and the appearance of spermatozoa is observed in the urine collected from the 
bladder. Two toads are used per test and the observation is carried out over 3 to 24 
hours although a positive reaction maj^ be observed as earlj'^ as after 100 minutes. A 
maximum of 10 cc. of urine is used. In 266 tests correct negative results were recorded 
in 100 per cent, and correct positive results in 98 per cent of the cases. — A.E.M. 

PiNCUs, J. B.; Natelson, S., and Lugovoy, J. K.: Response of citric acid 
levels to oral administration of glucose. II. Abnormalities observed in 
the diabetic and convulsive state, J. Clin. Investigation 27: 450-453, 
1948. 

Part I of this investigation demonstrated in vivo in man that the normal response to 
active carbohj’'drate metabolism, as in the postabsorptive period for glucose or after in- 
jection of insulin, was a lowering of blood citric acid levels. Most of the diabetics studied 
in this investigation showed no apparent deviation from the normal citric acid level re- 
sponse curve when glucose was administered orally. However, certain diabetic patients 
with neurologic S 3 nnptoms who were difficult to control with insulin therapy showed ab- 
normalities in their citric acid response bj'^ a I’apidly rising level, or b}" a sharp rise for the 
first hour of the test period followed by a loAvering to the minimum level. — T.H.McG. 

Stuart, Harold C.: Physical growth during adolescence. Am. J. Dis. 
Child. 74: 495-502 (Oct.) 1947. 

The author divides the progress of growth from conception to full maturit}'^ into 3 
major phases: the first and last being characterized by c^mles of acceleration followed 
by deceleration in growth rates, and both accompanied bj'’ striking developmental 
changes. The middle phase is one of relatively steady, moderate progress in both growth 
and maturation. The last of these three phases is rather loosel}'- called adolescence and 
preferabl}'^ called pubescence which is separated from childhood bj'- the preparatory or 
transitional stage, prepubescence, and from full maturitj’- by a terminal stage, post- 
pubescence. 

During prepubescence the rate of bod3’’ growth begins to accelerate, the sex organs 
grow more rapidb^ and certain endocrine glands increase their activity. However, much 
of the growth of the sex organs takes place during the postpubescent 3mars, after the 
person has attained approximate adult size and after he appears to have reached ma- 
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ond potentials. Thc.'^c clmnRP.s were considered to reflect a decreased threshold for the 
dcvclopinent of epileptiform clinical reactions, and not as indicative of epilepsy or a con- 
vulsive disorder. Treatment consists of a maintenance diet liiRh in protein with supple- 
mentary feedings. j)henoharl)ital and l)ella<lonna. Calcium salts were \ised orally and 
parcnterally in those })atients who had associated hypoglj-cemia. — C.D.D. 

Galu jNIaintni, C.: Pregnancy test using the male balrachia, J.A.M.A. 
138: 121 (Sept. 11) 1948. 

The author has now thoroughly tested the method he described in 19-17 which makes 
use of the male toad for the assay of chorionic gonadotropin. In his hands the test is re- 
markahly simple and reliable. The injection of 10 cc. of pregnancy urine into the dorsal 
lymph sac of the male toad causes the appearance of spermatozoa in the urine within one 
to three hours. No preparation of the urine is required. The results arc read by the direct 
examination under the microscope of a few drops of urine removed from the cloaca. Two 
thousand and thirty tests were done. In the first to sixth months of pregnancy 99% of 
urines gave a positive result, in the last trimester 92% did. No false positive test oc- 
curred in C23 assays of urine from a variety of nonpregnant cases. — A.P.F. 

Goldzieher, Joseph W.: A new colorimetric method for the determina- 
tion of pregnandiol, J. Lab. & Clin. Med. 33: 251-253 (Feb.) 1948. 

The author describes a colorimetric method for determining pregnandiol which is 
as sensitive as the sulfuric acid method and yet docs not develop adventitious color. 
The method is based on the interaction of pregnandiol with acetyl chloride and zinc 
chloride in glacial acetic acid solution. The color obtained is stable and at room tempera- 
ture, it remains constant for at least two and a half hours.' IVith the use of a standard, 
containing 0..5 mg. or pregnandiol, the method was found to be accurate within ±4 per 
cent— T.H.McG. 

Le^hx, E.; Kirsxer, J. B., and P.almer, W. L.: Preliminary observations 
on histamine and insulin stimulated gastric secretion during the injec- 
tion of an enterogastrone concentrate in man, Gastroenterology 10: 274- 
280, 1948. 

The effect of moderately large quantities of an enterogastrone concentrate upon the 
gastric secretory response to histamine and to insulin was studied in 15 patients with 
peptic ulcer. Intramuscular injection of 1000 mg. of the concentrate was followed in one 
of three patients bj" a decrease in the gastric secretoiy response to a single standard dose 
of histamine; in the one patient studied, the maximum free acidity was not affected b 5 ' 
the administration of 3000 mg. of enterogastrone. In seven patients, intramuscular ad- 
ministration of 400 to 2000 mg. of enterogastrone did not alter the gastric secretorj'" re- 
sponse to the repeated injection of small quantities of histamine. Insulin-stimulated gas- 
tric secretion in three patients was not altered by intramuscular injection of 1000 mg. 
of enterogastrone; in one, it was possibh' delayed by 2000 mg. and may have been sup- 
pressed by 3000 mg. in one. Further observations with more potent preparations in a 
larger series of cases will be necessar 3 ' before definite conclusions can be drawn from the 
last two experiments. — T.H.McG. 

McHenry, E. W.; Sbmmons, E. M.; Pearse, R., and Meyer, E. G.: Ob- 
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given 35,000 mg. of testosterone propionate over a two-year period with apparent pro- 
longation of life iP comfort, — R.A.C. 

Zondek, B., and Brzezinski, A. : Inactivation of oestrogenic hormone by 
women with vitamin B deficiency, J. Obst. & Gynaec. Brit. Enip. 55: 
273-280, 1948. 

Fourteen cases with marked evidence of vitamin B-complex deficiency were studied. 
No change in estrogen inactivation was found and estrogen titers in blood and urine \vere 
normal as well as vaginal smears and endometrial biopsies. It was concluded that the 
vitamin was not an essential factor in the estrogen-inactivating mechanism. — R.A.C. 

Zondek, B.; Stjlman, F., and Black, R.: Hormonal test for fetal death in 
disturbed pregnancy, J.A.M.A. 136: 965 (Apr. 10) 1948. 

Urinary gonadotropin is titrated by the rat ovary hyperemia test described by the 
authors in 1945. The HU (hyperemia unit) is established for each strain of rat by correla- 
tion with estrus units. The technique of. the test is reviewed. In disturbed pregnancy a 
titration is made on four rats injected with 4, 2, 1, and 0.2 cc. of urine which corresponds 
to titers of 250, 500, 1000 and 5000 HU per liter. Less than 1000 HU indicates probable, 
and less than 500, certain fetal death in the first two trimesters. During the peak of 
gonadotropin excretion, between the fortieth and eightieth days after implantation, tlie 
normal excretion is about 200,000 HU per liter. A level of 5000 units at this time is con- 
sistent with fetal death. Repetition of the test after a week to determine whether the 
titer is rising or falling assists in predicting the outcome of the pregnancy. Five hundred 
cases of disturbed pregnancy were studied. — A.P.F. 
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tvirity in most other respects. The gnuhml transition from one stasc to another ami the 
great individual variahility in respect to age make it impossible to delimit precisely the 
early and late stages of adolescent development in terms of chronologic age, but roughly 
each stage may be thought of as tasting 2 to 3 years in most persons. 

Primary attention in this discussion is devoted to the changes with growth, which 
arc characteristic of the period referred to as pubescence. The i)rincii)al characteristics 
of the i)ubcscent growth of the skeleton, including the muscles and the overtj-ing soft 
tissues arc listed and a table showing the common, or characteristic, ditTcrcnccs between 
early and late-maturing persons is iircsentcd. — E.C.R. 

StVAXK, R. L., and BEitGNEn, G. E.: A .study of tlie human myogram. A 
study of normals, and of patients with Addison’s di.sea.se, tliyrotoxicosis 
and progre.ssive muscular atrophy, Clin. I nvcslignlion 27: 24-33 
(Jan.) 1948. 

A method of myography commonly used in anim.als was cm])loycd in a group of human 
subjects to record alterations in muscle function. Slight changes in the myogram, cor- 
related with fatigue, were observed in normal subjects. An early dip in the myogram 
occurred in patients with Addison’s disease who exhibited marked weakness. Adequate 
treatment of these patients with desoxycorticosterone was followed by reversal of these 
changes toward normal. In the patients with Addison’s disease and in two with thj-ro- 
toxic myopathy, an absence of potentiation of the muscular contractions normall}' 
present during repeated stimulation, was observed. Severe and generalized weakness 
accompanied this alteration in the myogram, apparentlj' a manifestation of the abnormal 
metabolic state in the muscles of patients with Addison’s disease. Neither hj-poxemia 
nor hypoglycemia of a severe grade per se produced any altered responses in types of 
tests for muscular function which were here employed. Marked variation in the height 
of muscular contraction was noted in patients with progressive muscular atrophv. — 
T.H.McG. 

Ullmaxn, T. D., and Schorr, S. : Renal dwarfism with hj^perparathyroid- 
ism in a case of congenital malformation of the kidneys, Ann. Ini. Med. 
29: 715-730, 1948. 

A case of renal dwarfism in a 14-year-old girl, characterized bj' stunted growth 
(without manifestations of rickets), infantilism, bilateral congenital dilatation of the 
renal pelvis and ureters with atrophy of the renal parenchyma and interstitial nephritis, 
parathjToid hypertrophy and slight osteoporosis is presented. The congenital nature of 
the kidnej’ disorder, the retardation of growth since early infanc 3 ' and the presence of 
similar kidnej^ disorders and subnormal stature in two other female members of the 
same familj' are thought to justify an application of the continental theorj' of “multiple 
congenital malformations’’ to the early nonuremic phase of this case. The Anglo-Ameri- 
can theor}’’, which maintains a causal relationship between renal insufficiencj' and 
skeletal involvement, is invoked to explain only the late manifestations of the patient’s 
disease. — J.M. 

Wyatt, J.: Testosterone propionate in inoperable carcinoma, J. Ohst. & 
Gynaec. Brit. Emp. 55 : 53-54, 1948. 

A case of squamous celled carcinoma of the uterus in a woman aged 57 j-ears. She was 




for making 

red blood cells 



t 



LIver-sfomach concentrate 

iron 

vitamin B complex 

. . . these are known raw materials for erythrocyte maturation. 

All are contained in Pulvules 'Lextron F.G.’ (Liver-Stomach Concentrate with Ferrous 
Gluconate and Vitamin B Complex, Lilly). "F.G." refers to ferrous gluconate, a well- 
tolerated iron salt preferred by many clinicians. Pulvules 'Lextron F. G.' prescribed 
according to individual requirements will adequately treat any type of anemia which 
responds to liver or iron therapy. Available in bottles of 84 or 500. 

ELI LILLY AND COMPANY 
Indianapolis 6, Indiana, U.S.A. 

/« answering advertisements please mention Journal OF Clinical Endocrinologv 


IV 



'THE JOURNAL OF 

CLINICAL 

ENDOCRINOLOGY 


Table of Contents for Maj^ 1949 

Simpson, S. Leonard Addison’s Disease and Diabetes Aleilitus in 

Tlirce Patients 403 

Kenigsherg, Samuel; 

Pearson, Sidney, and 

McGavaeh, Thomas H. .. .The Excretion of 17-Ketosteroids. I. Normal 

Values in Relation to Age and Sex 426 

PcrhnuUer, Marlin, and 

Riggs, D. S Thyroid Collection of Radioactive Iodide and 

Serum Protein-Bound Iodine Concentration in 
Senescence, in HjTJothyroidism and in Hjtdo- 
pituitarism 430 

Alisclnde, M. D.; Parkhursl, 

B.H.,and Tillotson, K. J. Decreases in Blood Eosinophilic Leukocytes 

after Electrically Induced Convulsions in 

Alan 440 

Richards, Charles E.; 

Brockhursf, Robert J., Thiocyanate Goiter with AIjTcedema. Report 

and Coleman, Thomas H. . of Two Cases 446 

Chartibers, Wallace L Adrenal Cortical Carcinoma in a Male with 

Excess Gonadotropin in the Urine 451 

Cooper, Irving S., and 

Hoen, Thomas I Gynecomastia in Paraplegic Males. Report of 

Seven Cases 457 

Villaverde, Manuel The Use of Bismuth Salts in the Treatment of 

Sporadic Goiters 462 

Program of the 1949 Meeting of the Association for the Study of In- 
ternal Secretions 467 

The 1949 Meeting of the American Diabetes Association 472 

Postgraduate Course in Endocrinology, University of California 472 

Books Received 474 

Abstracts of Current Endocrine Literature 478 




404 


S. LEONARD SIMPSON 


Volume 9 


respiratory quotient. The 1 1-oxysteroids also counteract the hypoglycemic 
action of insulin (4, 5, 6, 7). 

There is some conflict of evidence as to whether the whole of the diabeto- 
genic action of pituitary extract is obtained by inducing hyperplasia and 
hyperfunction of the adrenal cortex. Houssay (8), the pioneer demon- 
strator of the diabetogenic action of pituitary extracts in the hypophys- 
ectomized depancreatized animal (Houssay animal) found that bilateral 
adrenalectomy did not prevent the diabetogenic action but hepatectomy 
did. Long and Lukens (9) however, found that all the significant changes 
in carbohydrate metabolism that occur in the Houssay animal are essen- 
tially the same as those met with in the pancreatectomized-adrenalec- 
tomized animal (Long-Lukens animal) and that the diabetogenic effects of 
the anterior pituitary gland were no longer obtained if both adrenal glands 
were completely removed. With ll-ox 3 '^steroids they could also re-establish 
diabetes in the adrenalectomized-pancreatectomized animal. The conflict- 
ing evidence is probably due to different species of animals being used but 
it seems certain that part of the diabetogenic action of pituitary extracts 
in mammals is mediated via the adrenal cortex (4, 9). 

CASE REPORTS 

Case 1. This case was described in my 1932 paper (1), The essential features were as 
follows; A boy stopped growing at the age of 13 and showed lassitude and weakness. 
At the age of 16 he presented a picture of infantilism, but pigmentation of his skin led to 
the correct diagnosis of Addison’s disease. At this time, April 10, 1931, fasting blood 
sugar values were 53 mg. and 69 mg. per cent. Beginning April 18, a dose of 10 cc. of 
adrenal cortical extract was injected daily. Four weeks later the blood sugar reached 
diabetic levels of 220 mg., 250 mg., and 360 mg. per cent but tlie patient showed extreme 
sensitivity to small doses of insulin, with hypoglycemic reactions. He died on June 3, 
1931, in Addisonian crisis, and autopsy showed atrophy of the suprarenals and of the pan- 
creas. It was concluded that both pathologic lesions occurred at the same time and were 
of the same origin, and that the diabetes was initially obscured by the adrenal insuffi- 
ciency. It would appear that the therapy with adrenal cortical extract was a factor in 
revealing the diabetes. 

Case 2. D. C., a 37-year-old male, developed diabetes mellitus in 1921 at the age of 11, 
Addison’s disease in 1942 at the age of 32, and died in 1947 at the age of 37 from acute 
adrenal insufficiency. For the first two years after the onset of the diabetes he received 
dietetic treatment, but in 1923 insulin was commenced. There are no quantitative de- 
tails of early dosage, but it is known that in December 1941 he was receiving 36 units of 
soluble insulin twice daily, with a carbohydrate intake of 250 grams daily, and that dur- 
ing the the next few months, owing to attacks of hypoglycemia, the insulin was progres- 
sively reduced to 24 units twice daily. In spite of this apparent improvement in his car- 
boh 3 ''drate tolerance, the patient was easily tired and did not feel well. In Februarj", 
1942, nausea and vomiting developed, in spite of a normal blood sugar and no ketosis, 
and about the same time some pigmentation of the face and neck appeared. He had been 
attending Dr. R. D. Lawrence’s diabetic clinic at IHng’s College Hospital, and was 
admitted as an In-Patient on March 13, 1942, in a collapsed and dehydrated state. His 
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ADDISON’S DISEASE AND DIABETES AIELLITUS 
IN THREE PATIENTS 

S. LEONARD SIMPSON, M.D., F.R.C.P. 

From Ihc Dcparlmcnl of Endocrinology, WiUesden General Hospital, London, England 

I N 1932 (1) the writer described a case of diabetes mellitus developing in 
a lad of 16 years of age with pre-existing Addison’s disease. Autopsy 
revealed atrophy of the cortex of both adrenal glands and of the islets of 
Langerhans. In the present paper 2 further cases of the coexistence of 
Addison’s disease and diabetes raellitusare recorded, one coming to autopsy; 
and a r4sum6 is given of 15 other cases recorded in the literature, in which 
autopsies were recorded, and 6 additional cases without autopsies. 

PHYSIOLOGY 

Adrenalectomy results in lowering of blood sugar, particularly after 
starvation, and in the terminal phase death from hj'poglycemia. In some 
species, e.g. marmots, other effects on carbohydrate metabolism are deple- 
tion of liver glycogen and to a lesser extent of muscle glycogen, increase of 
blood lactates and increase in the rate of metabolism of glucose (2, 3, 4). 
These effects are reversed or prevented by the administration of an ad- 
renahn-free extract of the adrenal cortex, or by any of the ll-ox5''Steroids 
that have been isolated from the adrenal cortex, e.g. corticosterone, 11- 
dehj’^drocorticosterone, and 11-dehydro 17-h3’'drox3’^corticosterone (Ken- 
dall’s compound E), This group of 11-oxysteroids also has a diabetogenic 
action as has been demonstrated in the partially depancreatized or phlorid- 
zinized rat; and the glucose-nitrogen ratio of 3.6 to 1.0 indicates that the 
source of the extra glucose is protein. There is also a deposition of hepatic 
glycogen and a depression of glucose oxidation, as shown by lowering of the 
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good condition. On November 30, 1943, I implanted subcutaneously 600 mg. of desoxy- 
corticosterone (6 tablets) and on December 17, 1943, he felt well. His serum sodium 
was 348, potassium 18.3, chloride 376, and urea 29 mg. per cent; alkali reserve (CO 2 ) 65 
volumes per cent; blood sugar 80 mg. per cent; and B.P. 125/85. In February, 1944, he 
was still well. His B.P. was 140/90 and his pulse 74. Pigmentation was very slight and his 
weight was 120 pounds (before illness, 126 pounds). On April 5, 1944, his clinical con- 
dition was deteriorating, and he complained of weakness, 
nausea and hiccups. The addition of methyltestosterone, 5 mg. 
three times daily by mouth, had no effect. On April 26, 5 mg. 
of desoxycorticosterone was injected tivice daily, and he im- 
mediately felt better. A few days later the serum sodium was 
333, chloride 341, potassium 20, and urea 35 mg. per cent; 
and alkali reserve (CO 2 ) 61 volumes per cent. It was esti- 




Fig. 1. Case 2. Pho- 
graph of patient taken 
three weeks before 
death, showing char- 
acteristic degree of 
emaciation in spite 
of biochemically con- 
trolled therapy. 


mated that the implantation had been effective for some six 
months, and on May 26 I implanted 800 mg. of desoxycorti- 
costerone with beneficial results. The patient was not seen for 
a year, but he called again on May 8, 1945. He had been well 
until March, 1945, when he had recommenced injections of 
desoxycorticosterone, 5 mg. twice daily. His insulin has been 
progressively reduced by himself to 2 units in the morning and 
6 units in the evening, and his carbohydrate increased to 300 
Gm. daily, because of recurrent hypoglycemic attacks. On 
May 22, 1945, I implanted 900 mg. of desoxycorticosterone 
acetate. There is here a gap in the notes on the attendances 
but on April 9, 1946, I implanted 800 mg. of desoxycorticos- 
terone. Edema of the face developed in the next week but sub- 
sided after giving potassium citrate by mouth for a few days. 
On June 5, 1946, the patient was admitted to King’s College 
Hospital under the care of Dr. Lawrence, with vomiting and 
malaise. His blood pressure was 140/90, temperature 105°, 
pulse 136, and respiration 24. His urine contained no sugar 
but much acetone, and his blood sugar was 120 mg. per cent. 
His dose of insulin was 2 units in the morning and 4 units, 
in the evening. The blood chemistry suggested slight over- 
dosage with desoxycorticosterone: sodium 354, potassium 
15.7, chloride 350 and urea 24 mg. per cent. He was better 
without treatment within a few days and was discharged from 
the hospital. 

On November 25, 1947, 1 implanted 700 mg. of desoxycorti- 
costerone and 400 mg. of testosterone, the latter because of 
impotence which had been present during the past few years 
and because of the progressive loss of weight (Fig. 1) in spite 
of normal blood chemistry. In the next ten days he felt much 


better and stronger, but on December 10 his wife noticed some puffiness around the eyes. 
That evening he complained of headache, weakness, shivering and perspiration. The 


next morning, he was incontinent and semicomatose and edema of the face was more 
marked. His wife then telephoned me and he was admitted to Willesden General Hos- 
pital. His pulse was hardly palpable and the blood pressure difficult to record, (?) 100/60. 
There were no crepitations in the lungs. He was conscious but very deaf. His blood sugar 
was 135 mg. per cent, and blood taken for electrolyte assay was reported a few days 



Man, tn.',n 


ADDISON'S DISKASK AND DIABETES 


405 


blood prp?surc, which had previously been 120/SO, was 7S/50, temperature 07.0’, and 
re.si)irations 22. Supar ami a trace of acetone were present in the urine, btit the blood 
supar was only 135 inp. per cent. A tentative diapnosis of Addison’s disease was made 
and the patient was treated with intravenous saline and 10 cc. of adrenal cortical c.xtract 
(Eucortonc) every four hours and later twice daily, with the addition of 7.5 prams of 
salt daily by mouth. Dr. Lawrence kindly asked me to confirm the diagnosis and collabo- 
rate in the treatment of the jiatient. On March 14, 1042, the serum sodium was 302 mg. 
chloride 353 mp. and i)otassium 25 mp. per cent, and the alkali reserve (CO-) was 67 
volumes jicr cent, .\part from these blood findings ami their subsequent return to nor- 
mality under specific therapy, I felt that the diapnosis of Addison’s disease in a diabetic 
could be made on the followinp grounds: 

1. Progressive inqirovcmcnt in carbohydrate tolerance with recurrent hypoglycemia 
necessitating drastic reduction in insulin dosage; and instability of blood sugar 
concentration, together with hypersensitivity to in.^ulin. 

2. Weakness, wasting, nausea and vomiting, in spite of good control of the diabetes. 

3. Pigmentation — although slight and not on mucous membranes. 

4. Hiccups — one of a small group of accessory symptoms, the others being grimaces, 
curling up under the bedclothes, and conjunctivitis. 

Owing to the patient’s capricious appetite and his hypersensitivity to insulin, blood 
sugar control was very difficult in the first few weeks, insulin requirements being reduced 
to 12 units twice daily, wth an occasional smaller dose at midday. Blood sugar on March 
16 was 37S mg.; on March 30, 50 mg.; and on April 7, 1,540 mg. per cent, one of the high- 
est values ever recorded. This was at 1 p.m. During the day, after 100 units of insulin 
intravenously, the blood sugar values were 917 mg. at 4:00 p.m., 495 mg. at 6:00 p.m., 
61 mg. at 10:00 p.m., and 45 mg. the next morning. 

Owing to the emaciated condition of the patient, the injection of large doses of cortical 
extract was technically difficult and painful. This was therefore replaced by desoxycor- 
ticosterone, 20 mg. injected daily. After a few days both breasts were enlarged, and 
painful (an occasional result of this therapy) and edema of the face and legs was present. 
After a verj- stormy course and several months in hospital, the patient was discharged 
reasonably well, but weak, with instructions to have injected 30 cc. of cortical extract 
daily, and 16 units of insulin twice daih'. 

The blood urea on admission was no less than 235 mg. per cent. Within a few daj-s it 
fell to 140 mg. per cent, and later to 3S and 26 mg. per cent. There were no casts in the 
urine. The blood showed a severe secondary anemia with hemoglobin 58 per cent, red 
cells 2,800,000, leucocj-tes 9,000; polymorphs 70 per cent, lymphocj’tes 18.5 per cent, 
eosinophils 3.5 per cent, and large monocytes 8 per cent. There was a response to iron 
therapy. Radiography of chest, abdomen and gastro-intestinal tract showed nothing ab- 
normal. A series of chemical studies (Dr. C. H. Gray) of serum electrolytes corresponded 
with the clinical condition, ndth occasional anomalies. Blood pressure returned to normal, 
120/80. 

The patient was a physician, working part-time in a biochemical laboratorj' and he 
tended to look after himself. However, he came to see me in June 1943, and stated that 
his diabetes was controlled by 12 units of soluble insulin twice daily, and that he was also 
injecting himself with cortical extract (Eschatin), 15 cc. twice daily. His general con- 
dition was fair and his blood pressure was 120/80. Serum sodium was 306, chloride 348 
and urea 47 mg. per cent, and the alkali reser\'e (CO-) was 52 volumes per cent. His 
wife, a nurse, stated that he became very ill when he tried to reduce the Eschatin to 10 cc. 
twice dailj'. In October, 1943, he replaced the Eschatin by desoxycorticosterone acetate, 
and found that 10 mg. injected dailj', or 50 mg. rubbed into the skin dailj’, kept him in 
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The infantilism in this case must be attributed to the diabetes mellitus 
commencing before puberty; nevertheless the patient stated that he was 
potent in married life until the last few years. There was one daughter. 
The genitalia were on the small side, and there was appreciable loss of 
pubic and axillary hair and outer eyebrows. The adrenal insufficiency was 
treated initially by cortical extract and later by desoxycorticosterone 
injections and implantation. Although one implantation of 800 mg. of 
desoxycorticosterone and another of 900 mg. were without untoward 
effect, a later implantation of 800 mg. produced temporary edema and a 
still later implantation of 700 mg. of desoxycorticosterone and 400 mg. of 
testosterone resulted in excessive retention of fluids, which gave way to 
dehydration on the removal of 300 mg. of desoxycorticosterone and 200 
mg. of testosterone and the giving of potassium citrate by mouth. The 
effect of testosterone on water and salt retention must be considered when 
this medication is added to desoxycorticostei’one therapy. Ultimate death 
in coma was probably due to adrenal insufficiency and certainly not to 
diabetic coma. 

. Although this patient was reasonably well controlled by the administra- 
tion of insulin and desoxycorticosterone there was a progressive loss of 
weight and strength (Fig. 1). 

Case 3. L. X., a male aged 20, who was serving as an officer in the Royal Navy, was 
well until the age of 18^, when he began to lose weight and energy. He weighed 140 
pounds at the age of 16, and 130 pounds when first seen by me in February 1947. Dur- 
ing the preceding six moliths his appetite had declined further, and he felt the cold 
more, and in the last two months he had had frequent hiccups. Dr. S. Smith, the family 
doctor, had noticed some brown pigmentation on the face, and sent him to the writer as 
a probable case of Addison’s disease. On examination he was seen to have pigmentation 
of the face, neck, periorbital tissue, and nipples, and slight pigmentation of the back of 
the hands. There', was gross pigmentation of the upper gums, and a pigmented line along 
the lower lip. His pulse was 60, and blood pressure 120/80 at the time of examination, 
but 100/60 a few weeks later when lying quietly in bed at Willesden General Hospital, 
where he was adoiitted for investigation and treatment. On clinical grounds, the diag- 
nosis of Addison's^'disease was definitely justified. 

On February 26, 1947, the serum sodium was 302 mg., the serum potassium 31.4 mg. 
(very high), and the serum chloride (as NaCl) 440 mg. per cent. The blood urea was 
only 29 mg. per cent, and the urea clearance test showed 127 per cent of normal the first 
hour and 160 per .cent the second hour. This test repeated a month later gave values 
of 116 and 110 per cent in the first and second hours. The Kepler test gave a positive 
result in the first procedure, the night volume of urine being 375 cc., and the largest day 
volume per hour, 230 cc.; but the Kepler index was 32 and higher than that given for 
Addison’s disease, which is usually well below the upper limit of SO. Most of my cases 
of Addison’s disease have given indices below 15, and this case is unusual in this respect. 
The high urea clearance test may indicate one factor in this result. The Kepler test was 
repeated some weeks later, after desoxycorticosterone therapy (which does not appear 
to change its validity), and still gave an identical index of 32. X-ray examination of the 
chest showed “healed lesions present in the left subapical region but no evidence of active 
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later as showing the following values: sodium 321, potassium 24, chloride 398 and urea 
57 mg. per cent. On December 5, five day.s previously, before any untoward signs were 
obvious the figures were sodium 324, potassium 24, chloride 332, and urea 54 mg. per 
cent; and alkali reserve (COj) G5 volumes per cent. If is difficult to understand why the 
potassium was not below 20 on December 11, as this is a usual finding with overdosage. 
However, not wailing for the result of as.say, 1 removed on the afternoon of December 11, 
300 mg. of implanted desoxycorticosteronc and 200 mg. of testosterone, and during the 
night prescribed a total of 5 grams of pot.assium citrate by mouth on the basis of the 
clinical diagnosis of overdosage with desoxycorticostcrone. It seems probable that the 
sodium-retaining eflect of testosterone added to that of desoxycorticosterone was a 
factor of importance. Tlie next morning the edema was no longer present; in fact the 
patient looked so dehydrated that intravenous glucose and Eucortonc were commenced, 
but the patient died within twenty-four hours. It was incidentally noted that the ej'e- 
brows, pubic and axillary hair were verj- scanty. Blood sugar estimations on the after- 
noon of December 12, during intravenous glucose therapy, were 3SS and 420 mg. per 
cent. The urine was sugar free and acetone free but contained albumen and granular casts. 

Avlopsij 

Autopsy showed atrophy of the adrenals and pancreas. Apart from a small heart and 
a terminal bronchopneumonia, the rest of the findings were negative. 

Suprarcnals. The right suprarenal could not be identified macroscopicallj’ and no ad- 
renal tissue was revealed microscopically. The left suprarenal was small, and enclosed in 
thick fibrous tissue. The cortical cells remaining showed almost complete absence of 
lipoid in the cytoplasm. There was no e\'idence of medullarj’ tissue. 

Pancreas. This was small, and the islet cells were diminished in numbers and small in 
size. 

Pituitary. The basophil cells appeared to show fewer granules than normal. 

Testes. Although of normal size, there was arrest of spermatogenesis at the spermato- 
gonia stage, and some diminution in the number of interstitial cells. 

Thyroid. This gland was rather small and showed some Ijunphoid infiltration. 

Comment: case 2 

This is a very exceptional case inasmuch as diabetes meUitus commenced 
at the age of 11, and Addison’s disease did not develop until twenty-one 
years later at the age of 32. The treatment of both conditions was success- 
fully maintained for a further five years and when the patient died at the 
age of 37, atrophy of the adrenals and of the pancreatic islet cells was 
found. The long period between the first appearances of the two diseases 
appears to preclude a common etiology. Some months before Addison’s 
disease was obvious clinically, repeated hj'poglj’^cemic attacks necessitated 
progressive reduction of insulin dosage from 72 units to 48 units daily, and 
ultimately the daily insulin requirement was only 6 units. The patient 
showed the usual instability of blood sugar values when both adrenal and 
islet cell insufficiency were present at the same time. Some extremely high 
values for blood sugar were obtained, e.g., 917 and 1,540 mg. per cent; and, 
in contrast, hypoglycemic values of 56 and 45 mg. per cent. Acetone was 
present at times in the urine. 
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On March 5, daily injections of 5 mg, desoxy corticosterone acetate were started and 
after a week the serum sodium was 339 mg., the serum potassium 15 mg., and the serum 
chloride (NaOl) 577 mg. per cent. These figures might indicate slight overdosage but 
the patient was very much better, gaining weight and strength and showing no edema. 
On March 18, therefore, I imi^lanted 400 mg. of desoxycorticosterone. The injections of 
this material were stopped on March 22. The patient left the hospital on April 14, 1947, 
feeling very well and having gained 9 pounds in weight. The blood pressure was 120/70. 
There was no edema and there were no crepitations at the base of the lungs. Pigmenta- 
tion had decreased. 
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The patient continued well, except for some cramps in the arms and legs, until June 
1947, when he complained of weakness, lassitude, thirst, and polyuria, and some swelling 
of the left parotid gland which was painful on chewing and prevented complete opening 
of the mouth. He had not been in contact with mumps. The thirst and lassitude appears 
to have preceded the swelling of the left parotid gland by some weeks. He was again 
admitted to the Willesden General Hospital on June 13, 1947. The urine contained sugar 
and acetone, both in considerable quantities. The blood sugar (fasting) was 320 mg. per 
cent. The blood pressure was 90/60. The swelling of the parotid gland subsided after a 
few days, as did a slight pyrexia, 99° F. 

A carbohydrate tolerance test under the same conditions as the previous one in Feb- 
ruary 1947 gave a typical diabetic curve; fasting, 200 mg.; 30 minutes, 310 mg.; 60 
minutes, 350 mg.; 90 minutes, 400 mg.; and 120 minutes, 380 mg., per cent (Fig. 3). 
The urine contained much sugar (red with Fehling’s solution), much acetone and in the 



Mav, 10.^9 


ADDISON’S DISEASE AND DIABETES 


409 


tuberculosis” — (D. Gordon). lu this connection it is of interest to note that the patient’s 
father died of pulmonary tuberculosis at the age of 37, and the father’s sister died of 
abdominal tuberculosis as a child of 3. No calcification was detected radiographically in 
the suprarenal area, but tlie iiresumiitivc evidence was in favor of diagnosing a tuber- 
culous lesion of the adrenals. Sedimentation rate was normal; 3 mm. in the first hour, 
and 7 mm. after two hours. 



Fig. 2. 

The urine was normal on routine testing. Fortunatelj' for later developments, I was 
interested in carbohydrate metabolism in Addison’s disease, and on Februarj' 21, 1947, 
a carbohydrate tolerance test was carried out and gave the following blood sugar values; 
fasting 115 mg.; after 50 Gm. glucose — 30 minutes, 150 mg.; 60 minutes, 160 mg.; 90 
minutes, 150 mg.; 120 minutes, 125 mg.; 150 minutes, 110 mg. per cent. There was a 
slight reduction of Fehling’s solution in the urine collected after 30 minutes but not in 
the other specimens. This tolerance curve is not a diabetic one but values during fasting 
are slightly above normal and after two hours the blood sugar value is still 125 mg. per 
cent. However, the blood sugar (fasting) on iMarch 3, 1947, was only 90 mg. and the 
insulin sensitiidtj' test was normal (Fig. 2). The importance of these observations will be 
more obvious later. 
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could be felt about two inches below the site of incision, and were very small. The blood 
pressure was 105/70. On January 16, 1948, serum sodium was 306 mg., potassium 24.5 
mg. and chloride (NaCl) 676 mg. per cent (H. Scott-Wilson). The chloride Avas rather 
high, considering the Ioav sodium and high potassium. On January 21 1 implanted 300 mg. 
of desoxycorticosterone, and the administration of salt by mouth Avas stopped. On Janu- 
ary 27 he Avas ill and complained of nausea. He also vomited and then refused food. He 
looked dehydrated. Clinically, since the diabetes Avas controlled and there aa^s no cau- 
dence of edema, adrenal insufficiency Avas diagnosed, although the blood pressure Avas 
110/70. He AAms given 10 cc. of cortical extract (Eucortone) intramuscularly, and this was 
repeated in four hours. He felt much better the ne.xt morning and continued well. Nausea 
disappeared and appetite returned. HoAvever, blood taken at the time of malaise gaAm 
little indication of the clinical diagnosis of adrenal insufficiency: sodium 309, potassium 
15, and chloride 705 mg. per cent. The response to Eucortone seems to me to haAm justi- 
fied the clinical aucav. The patient left the hospital on February 7, 1948, feeling very aa'cII 
and has so remained. 

Comment : case S 

This is an undoubted case of diabetes mellitus folIoAving upon Addison’s 
disease. It is of interest in that the lesion of the adrenals was almost 
certainly tuberculous, in view of the family history. It is questionable 
whether the parotitis was mumps, and whether it precipitated or initiated 
the diabetes mellitus. Mumps may be complicated by pancreatitis and 
transient glycosuria (Wilder, 10), but it is not established as a causative 
agent in diabetes mellitus. In this case it appears more probable that it 
aggravated a pre-existing diabetes since the blood sugar values were 
very high, and ketosis was present at the time of onset of the swelling of 
the parotid gland (only the left side was involved). It is of interest, since 
adrenalectomy is said to minimize ketosis, that when the diabetes was 
uncontrolled, ketones and acetone were present in the urine. This patient, 
however, could not be regarded as completely adrenalectomized. 

The first procedure of the Kepler water test was positive twice before 
diabetes developed, and negative after diabetes developed. The index was 
negative throughout and grossly negative when the diabetes was severe 
and uncontrolled. It would appear that the Kepler index is no indication 
of adrenal function in the presence of diabetes mellitus. 

As regards carbohydrate tolerance, the test in March 1947 suggested 
possibly a mild diabetes mellitus, but the test in July 1947, a very gross 
diabetes. The insulin sensitivity test was normal in March, but distinctly 
different in July, when the blood sugar showed little response. The diabetes 
Avas easily controlled by insulin, although blood sugar values were un- 
stable and hypoglycemic attacks indicated clinically a progressive im- 
provement in tolerance or a progressive sensitivity to insulin. 

The adrenal insufficiency Avas controlled by desoxycorticosterone, first 
by injection and later by implantation, but the observed values for blood 
electrol 3 ’’tes did not alAva 3 ’’s correspond to the clinical conditions. 
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GO-ininutc specimen, some accto-acetic acid. The insulin sensitivity curve was distinctly 
different from that of February, and indicated only a slight action of G units of insulin 
intravenously. Blood cholesterol was 130 mg. i)cr cent. Serum sodium was 300 mg., 
potas^sium 17.9 mg., .and chloride (as NaCl) nl4 mg. ])cr cent. Blood count: red cells, 
4,030,000; hemoglobin 7S per cent; leucocytes 4,S00; polymorphs 47, lymphocytes 49, 
monocytes 2, basophils 1, and eosinophils 1 per cent, A Kepler test gave an unexpected 
index of no less than 20S, largely due to the fact that with a night volume of 425 cc. of 
urine, the day volumes per hour were 120, 550, 210 and 95 cc. The 1 7-kctostcroids (Dr. 
W. Payne) were 2.5 mg. per liter, and G.4 mg. per day. 

On .Inly 3, a three-day nitrogen b.alancc test was carried out by Dr. G. Discomb. The 
daily intake of nitrogen was GO Gm. and the results were as follows: 


Urine 


Volume 

Sug.ar 

Nitrogen 

Total 

Total 

CC. 

Gm. % 

Gm. % 

sugar 

Gm. 

nitrogen 

Gm. 


1st day 

2,400 

2.5 

0.59 

60.0 

14.1 

2nd day 

1,G30 

2.9 

0.71 

47.3 

11.5 

3rd day 

2,930 

2.6 

0.55 

76.2 

15.2 


Expected nitrogen excretion = total protein intake/6.25 =9. 5S Gm. 
Mean observed nitrogen excretion = 13. G Gm. 


During the above test the diabetes was partially controlled by soluble insulin, IS 
units in the morning and IG units in the evening, and ISO Gm. of carbohydrate daih’. 
Subsequently it was necessarj- to raise the dose of insulin to 2S units in the morning and 
24 units in the evening, but later this was reduced to 16 units in the morning and 12 
units in the evening because of hypogh'cemic attacks. The patient left the hospital on 
Julj' 28, 1947, ndth the diabetes well controlled. He felt verj' well and had regained a few 
pounds in weight lost prior to insulin therapy. His blood pressure was 100/70, and in ^dew 
of the implantation of desoxycorticosterone in April, no further treatment for the adrenal 
insufEcienc}’ was prescribed. 

He continued to remain well even in December 1947, but at that time it was felt 
ad\dsable to add 1 gram of salt by mouth three times daily to the therap 5 -, since the 
blood pressure was only 90/60. On Januarj' 7, 1948, he was again admitted to Willesden 
General Hospital following a telephone call from his mother that he had become semi- 
conscious several times during the last few days. He arrived thus in the hospital, the 
urine containing no sugar or acetone, and the blood sugar being 65 mg. per cent. The 
attacks were diagnosed as being due to hypoglycemia and they responded to glucose by 
mouth, an increase of daily carbohydrate intake from ISO to 220 Gm., and reduction of 
insulin to 14 units in the morning and 12 units in the evening. However, the blood 
sugar was somewhat unstable, values of 143, 248 and 320 mg. per cent being obtained at 
different times, and it was necessary' subsequently to raise the insulin to IS units and 16 
units respectively. 

The patient’s general appearance at this time was good, but the pigmentation of 
the face and mucous membranes had increased. The testes and penis appeared normal 
but the pubic hair was somewhat scanty. The implanted desoxycorticosterone pellets 
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DISCUSSION 

Pathologif and Etiology 

In Table 1 are given some essential details of 15 cases of adrenal and 
islet-cell insuniciency that 1 have been able to trace in the literature, and of 
2 cases under my own observation. Of these 15 cases, 2 (Ogle (11) and 
Montgomery (12)) had no evidence of Addison’s disease in life. In Ogle’s 
case the patient had pulmonary tuberculosis and “both suprarenal capsules 
were finely mottled with an appearance like that of the liver, and each 
contained a small patch of fibrinous material in the centre.’’ In INIont- 
gomery’s case the right adrenal was destroyed by caseous tuberculosis, 
but the left adrenal was untouched by the disease and had undergone 
compensatorj' hypertrophy. Three other cases (Rabe (13), Unverricht 
(14), and Bowen and a.ssociafes (15) (10)), had tuberculous adrenals, so 
that a tuberculous lesion of the adrenal gland was present in 5 of the 17 
cases. In the remaining 12, the lesion was atrophy or fibrosis of the adrenal 
glands. 

The terms atrophj’ and fibrosis are used somewhat arbitrarily bj' dif- 
ferent recorders, and both terms indicate the same lesion, the histologic 
picture of which bears a closer resemblance to a toxic necrosis (c/. the liver) 
than to a simple atrophy. There may, however, be a good deal of fibrous 
tissue in or around the adrenal gland and not infrequently it is almost 
impossible to detect any adrenal tissue macroscopically, so that the tissue 
in the anatomic neighborhood must be taken for section. In Nix’s case 
(17) onlj^ one atrophied adrenal remnant could be found and that only on 
microscopy of regional tissue. Microscopically the cortical layer or a 
remnant of it is seen to be very thin, and almost entirelj' replaced b 3 ' dis- 
tended capillaries Ijdng in a sparse, delicate, connective tissue, infiltrated 
with lymphocjd,es, plasma cells and histiocytes. Small areas of sur^’i^■ing 
and regenerating cortical cells may be detected. The medulla is usuallj* of 
normal size and pattern except for some lymphocj’tic infiltration. In 
West’s case (18) the adrenal lesion is correctly termed fibrosis, but there 
is little doubt that hemochromatosis was also present, affecting the fiver. 
West recorded: “the notes of the autopsy have unfortunately been mislaid 
but so far as I remember there was nothing of importance except the con- 
dition of the suprarenal capsules. These were embedded in dense fibrous 
tissue, and sections showed no trace of suprarenal structure.” When the 
lesion is tuberculous, the greater part of the adrenal gland is usually 
destroyed by caseous tuberculosis. 

The lesion of the pancreas is also described as fibrosis or atroph 3 ’', but 
in the majority of cases the degree of fibrosis is slight and consists onli"^ of 
some increase in connective tissue. The islets of Langerhans are decreased 
in number, small in size, and stain poorl 3 '', and they ma 3 '' be li 3 'afinized. 
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There is often some lymphocytic infiltration. 

Of the 11 uncomplicated cases of atrophy of adrenals -and pancreas 
(Nos. 6, 7, 8, 9, 10, 11, 13, 14, 15, 16 and 17) in 6 of these (Nos. 6, 7, 9, 13, 
14 and 16) the adrenal and islet-cell insuffic^iency were manifest clinically 
within the same year (twelve months) if not simultaneously. It is there- 
fore my opinion (first stated Simpson (1)) that the lesion of atrophy (or 
fibrosis) in the adrenal gland and that of the islet cells of the pancreas 
have the same origin and that it is the result of some infection, prob- 
ably virus in character. It is, of course, known that mumps may affect 
the pancreas (including the islet cells) and the testes. The probable im- 
portance of other virus infections, e.g. influenza, and specific fevers, in the 
etiology of endocrinopathies is not so well recognized, but has been pointed 
out by Simpson (19). The fact that clinical manifestations of Addison’s 
disease and diabetes mellitus do not coincide in some patients does not 
exclude a simultaneous pathologic lesion since 1) an infective lesion may be 
progressive in its effects; 2) clinical insufficiency is not manifest until the 
greater part of an endocrine gland is destroyed, and 3) a tendency to dia- 
betes from islet-cell insufficiency is counterbalanced by the ameliorating 
effect of adrenal cortex insufficiency. Thus in Tliorn and Clinton’s patient 
(20), still alive, the clinical diabetes did not develop until four years after 
the Addison’s disease. However, a carbohydrate tolerance curve three 
years before the onset of the clinical diabetes, and another two years be- 
fore, were diabetic in type, the later curve showing a raised blood sugar 
concentration as well as a slow return to normality. In my third case 
(patient still alive) indications of latent diabetes, as judged by the toler- 
ance curve, were present some months prior to the onset of clinical dia- 
betes. In my first case (number 10), although diabetes was not manifest 
until a few weeks before death, a year before this it was noticed tliat the 
patient drank large quantities of water and passed a great deal of urine for 
some weeks. It is also difficult in this case to know whether the stoppage of 
growth at the age of 13 and the persistent infantilism was due to the latent 
Addison’s disease or the latent diabetes, from both of which the patient 
died at the age of 16, Of the remaining 4 cases (Nos. 8, 11, 15, 17) in which 
uncomplicated atrophy of the adrenals and of the pancreas was the lesion, 
that of Rhind and Wilson (21) is comparable to my first case, in that the 
Addison’s disease appeared to precede the diabetes by some two years; m 
the case of Rowntree and Snell (22) and that of Devitt and Murphy (23), 
the diabetes preceded the Addison’s disease by five and three years respec- 
tively ; whereas in the case of Simpson (present paper ; case 2) the diabetes 
preceded the Addison’s disease by no less than twenty-one years. In tins 
last case, and possibly in the 2 former ones, it would probably be conceded 
that the occurrence of the two diseases in one patient was a coincidence. 
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The specific question as to whether hemochromatosis can cause clinical 
Addison's disease by deposition of hemosiderin in the adrenal cortex (and in 
the absence of any other adrenal lesion) is not easy to answer with cer- 
tainty, although it would appear to be in the negative. Thus in a statistical 
study of the pathology of 566 cases of Addison’s disease, Gutman (25) 
does not mention hemochromatosis as the pathologic lesion. On the other 
hand Hellier (26) found than in 57 cases of hemochromatosis, hemosiderin 
was present in the skin in 48 and melanin in 35. In only 8 instances was 
hemosiderin present without melanin. Pigmentation of the mucous mem- 
branes occurred in 11 per cent of cases of hemochromatosis. If an increased 
deposit of melanin is taken as an indication of adrenal insufficiency, the 
only other manifestation of this in hemochromatosis is the not uncommon 
occurrence of hypotension (Sheldon (27)) but the latter might also be due 
to destruction of the anterior .pituitary gland by hemosiderin. Although in 
no case in which melanin was present in excess in the skin, was iron absent 
from the suprarenals, iron was sometimes present without an increase 
of melanin. Further, melanin deposition in the- adrenal gland is usually 
limited to the zona glomerulosa, and even there many eells escape. The 
increased deposition of melanin in the skin may nevertheless be due to 
irritation from hemosiderin deposition. Although the clinical evidence for 
adrenal insufficiency in hemochromatosis is not strong, and although it 
seems clear that the full clinical picture of Addison's disease does not result 
from hemosiderin deposition in the adrenals, yet some disturbance of 
adrenal function through hemosiderin deposition must be regarded as 
probable, especially as such an effect on function does result in other endo- 
crine glands, e,g. pancreas, pituitary, and testis. 

I have not included in this series the case of Brookfield and Corbett 
(28) since the adrenal lesion was very unusual, but it should be briefly 
mentioned. The patient was a woman of 61, who had had diabetes for six 
months, and was admitted to the hospital in severe diabetic coma with 
ketonuria and a blood sugar of 1,040 mg. per cent. (The authors mention 
that the highest blood sugar recorded by Joslin (29) was 1,490 mg. per cent 
which is less than the 1,540 mg. per cent found in my case 2.) The pa- 
tient had pyrexia and leucocytosis and was refractory to insulin for some 
days, but then responded to large doses, e.g. 160 units in 24 hours, a blood 
sugar of 75 mg. being attained. Death occurred fourteen days later. At 
autopsy pancreatic islet cells showed hyaline and fibrotic changes, and 
both adrenals were cystic, like semicollapsed balloons. The thin shell 
enclosing the fluid consisted of atrophic cortical tissue, with considerable 
atrophy of the zona fasciculata. All organs showed congestion and fibrosis 
and the right kidney, multiple miliary abscesses. The authors postulated 
death from adrenal insufficiency although there was no evidence of Addi- 
son's disease in life. 
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When the adrenal lesion is tuberculous and the jiancreatic lesion atrophic, 
one would he justified in postulating that the two lesions were definitely 
separate and coincidental. However, it is perhaps necessary to remember 
that apart from generalized miliary tuberculosis, the pancreas is not in- 
volved in a blatant tuberculous lesion. Whether or not the tuberculous 
toxin can produce a fibrosis or atrophy of the islet cells of the pancreas in 
the absence of any loc.al indication in the pancreas of its tuberculous origin 
is, of course, highly speculative. 

In the metabolic disorder of hemochromatosis, hemosiderin can be de- 
posited in the liver, spleen, pancreas, adrenals, anterior pituitary, testes, 
and other organs. It therefore might be expected that Addison’s disease 
and diabetes mellitus could occur together in a patient suffering from hemo- 
chromatosis. In the present scries (Table 1) tliere are 2 sucli cases, those of 
West (IS) and Rab6 (13). Unfortunately, West's is very poorly documented 
pathologically, the only evidence being fibrosis of the suprarenals. How- 
ever, clinically the patient had definite diabetes mellitus with 56 pounds 
loss in weight, the liver was grossly enlarged, and the skin was of “greying 
cj’anotic hue much like that observed in chronic silver staining.’’ Addison’s 
disease was thought of before death, but the clinical evidence was not 
strong. In Rabd’s case (13) diabetes was definite, “the grey discolouration 
of the skin immediatelj’ made one think of Addison’s disease or bronzed 
diabetes,’’ the liver and .spleen were grossly enlarged, and the patient died 
in coma. The e\ndence of Addison’s disease in life was slender, but both 
adrenals were completely destroyed by caseous tuberculosis without dep- 
osition of hemosiderin. Tiie liver showed tj'pical hj-pertrophic cirrhosis 
with pigmentation and the pancreas “of sclerotic consistency, presented 
as the liver, and -ndth a dark chocolate colour.” At the apex of the right 
lung there was “a small nodule surrounded by fibrosis that gave' the 
slightest suggestion of tubercle.” The adrenals were “much increased in 
size, transformed entirelj^ into a block of cartilaginous consistency^, wliich 
recalled, after section, the aspect of tuberculous matter in a state of crudity ; 
it was in effect a wliitish amorphous substance with no pigmentation; it 
infiltrated completely the organ and made impossible any distinction 
between cortex and medulla.” Tliis case, therefore, must be considered 
as a coincidence of hemochromatosis affecting the pancreas and caseous 
tuberculosis affecting the adrenals. Achard and Leblanc (24) described a 
case in which the morbid anatomic findings were caseous tuberculosis of 
the adrenals and hemoclxromatosis of the liver, but there is no mention 
of the pancreas and no e\’idence of diabetes in life. There was no good 
clinical evidence of Addison’s disease in life except pigmentation of 
the skin and mucous membranes, but the pathologic findings are of in- 
terest. 
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were present, though in slightl}'- diminished numbers.” Apart from infanti- 
lism the scantiness of pubic and axillary hair met with in case 2, and to a 
much less extent in case 3, has also been observed by me in women with 
Addison’s disease of some years’ duration, and is probably a reflection of 
the low androgen secretion of the diseased adrenal cortex, as Avell as of 
hypogonadism in the case of the male. 

Cases not coming to autopsy 

Although this paper, including its clinical and pathological conclusions^ 
is based on 17 cases coming to autopsy, there should be added to these for 
completion 6 cases without autopsy. Armstrong (33) recorded a case of a 
man of 35 with diabetes of acute onset, controlled by 56 units of insulin, 
who, within a few months of initial treatment, found it necessaiy to 
reduce progressively the dose of insulin, and wuthin a year developed a 
craving for salt, severe hypoglycemic reactions from 6 units of insulin 
daily, and pigmentation of the skin. During the latter part of a period of 
five years’ observation, ''the most striking change has been a progressive 
hypothyroidism.” McCullagh’s case (30), a pale thin young man (? age) 
who had diabetes for seven years with daily insulin requirements varying 
between 40 and 120 units, began to complain of weakness, abdominal 
pains, anorexia and a loss of 30 pounds in six months. Abdominal laparot- 
omy showed nothing abnormal but the repeated postoperative response to 
intravenous saline led to the diagnosis of Addison’s disease. The Kepler 
index was positive, 6.9. Thorn and Clinton’s case (20) was a man of 23 
years, who developed typical Addison’s disease, and who during three years 
of treatment with desoxycorticosterone implantations had attacks of 
negatmsm and catatonia due to hj^poglycemia. He then manifested dia- 
betes clinically and biochemically, with persistent ketonuria. His daily 
insulin requirements varied between 10 and 18 units. His carbohydrate 
tolerance curve was of the diabetic type at least two j'-ears before the onset 
of clinical diabetes. In the early days of treatment, the commencement of 
insulin therapy appeared to aggravate the tendency to low serum potas- 
sium levels, with accompanying lower limb paralysis. Withdrawal of in- 
sulin produced a striking increase in potassium excretion. The administra- 
tion of a single dose of Kendall’s conipound E resulted in a striking de- 
crease in glucose tolerance, a marked increase in the excretion of glucose, 
nitrogen, phosphorus, sodium and chloride, but not of potassium, and a 
decrease in the respiratory quotient. 

Rogoff’s case (34) of Addison’s disease following adrenal denervation 
for diabetes mellitus in a male is not well documented but should be 
mentioned for completeness. 

Lowrie and colleagues (35) reported this year the case of a colored 
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Other endocrine glands 

In RoNvntrce aiul Snell’s first, ease (22) tachycardia was a feature, and the 
basal metabolic rate was plus 24 per cent. Although there is no record of the 
thyroid gland being enlarged, thyroidectomy was carried out, and the 
patient died next day in adrenal insufficiency and hypoglycemia, with a 
blood sugar of 50 mg. per cent. The histologj' of the gland showed paren- 
chymatous hypertrophy and the case has since been repeatedly referred 
to in the literature as illustrating the coexistence of tln'rotoxicosis together 
with Addison’s disease and diabetes mcllitus. The evidence hardly justifies 
the title, and it is of interest to note that in Rhind and Wilson’s case (21), 
without any clinical evidence of thyrotoxicosis, the thyroid gland showed 
In-perplasia. In the other autopsy cases, where recorded, the thjToid gland 
was normal but with some lymphocytic infiltration. jMcCullagh (30) re- 
ported the coejdstence of myxedema with diabetes in 5 cases; Bernstein’s 
(31) recent autopsy report on a case previously described clinically by 
Bloomfield (32) illustrates mjTcedema and Addison’s disease superimposed 
on diabetes mellitus, with atrophy of the thyroid, adrenals and pancreas 
at autopsy. 

Rhind and Wilson (21) mention that “attention has been focused on the 
relationship between the anterior lobe of the pituitary and other endocrine 
glands.” It is well known that the basophil cells are decreased in number 
and perhaps size in Addison’s disease, and in Rhind and Wilson’s case 
there was some degeneration of all three tj^pes of pituitar}'- cells. Such 
changes in the pituitary gland are probably’’ secondary, or incidental, to 
the adrenal and pancreatic lesions. The atrophy or cirrhosis of the adrenal 
glands found in the above series of cases is a distinctly different pathologic 
lesion from the hj^joplasia or involution of the adrenal gland that follows 
hj'pophysectomy or that occurs in Simmonds' disease; nor of course are the 
pancreatic islet-cell changes comparable. Clinically diabetes does not oc- 
cur in Simmonds’ disease or panlij^jopituitarism. In other words, there 
are no grounds for postulating that the syndrome of diabetes mellitus 
with Addison’s disease, when associated with atrophy of the adrenals and 
the pancreas, can be initially due to changes in the pituitar 3 '’ gland. 
Rhind and Wilson (21) point out that “the pathological changes suggest 
that there is no relationship between the number of basophil cells in the 
anterior lobe of the pituitary and the blood sugar level.” 

In my 1932 (1) case infantilism was present, and the testis showed “semi- 
niferous tubules separated by much interstitial tissue in which no inter- 
stitial cells could be recognized. Few had a lumen and some of them 
contained spermatocytes.” In my second case, impotence was present for 
some years, and in the testis “spermatogonia were present but spermato- 
genesis appeared to be arrested at a la.te stage. Interstitial cells of Lej'^dig 
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hyperglycemia was initially refractory to insulin, although autopsy 
showed cystic atrophic adrenal glands. The severity of the diabetes is aggra- 
vated by cortical extract or by members of the corticosterone group, e.g. 
Kendall’s compound E. It is not thus influenced by desoxycorticosterone. 

There appears to be a progi’essive loss of weight and fat in these patients, 
even when substitution therapy is approximately adequate as judged by 
biochemical data. The combined therapy is cumbersome and not easy to 
carry out although tlie desoxycorticosterone implantation method for 
Addison’s disease limits the injections to insulin only, and is therefore in 
my vieAV the method of choice. The tendency to ketosis appears to be 
diminished (as follows adrenalectomy in phloridzin diabetes), although 
both acetone and aceto-acetic acid may be present at times with glycosuria 
and hyperglycemia. Thorn and Clinton (20) suggest that ketosis is pres- 
ent only when dehydration is ■severe. This does not appear to be consist- 
ently the case in the present series, although it may well be that dehydra- 
tion from adrenal insufiiciency renders the patient more sensitive to ketosis 
and that this may be associated with anorexia and the poor intake of food. 
It is certainly true that death does not occur from diabetic coma, but 
from adrenal insufficiency or possibly from hypoglycemic coma. It is per- 
haps of interest to recall the case, described by Anderson (36) of a man of 
33 admitted to the hospital in hypoglycemic coma without previous 
history, and with a blood sugar of 40 mg. per cent. He was found at 
autopsy to have a large left adrenal carcinomatous tumor weighing 400 
grams, and a small fibrous right adrenal gland. 

When testosterone is implanted, together with the desoxycorticosterone, 
for the treatment of an associated impotence or for its anabolic nitrogen- 
retaining effect, it should be remembered that it also produces a retention 
of sodium, so that the dose of desoxycorticosterone implanted should be 
lowered to allow for this. It may, however, also result in decreased potas- 
sium excretion. 

Of the 3 patients under my care recorded in this paper, the first showed 
infantilism and the second partial infantilism. In the latter case, the dia- 
betes commencing at the age of 11 and inadequate treatment initially, may 
have been the cause. In the former, it would appear that adrenal in- 
sufficiency was responsible for the infantilism. Either diabetes mellitus or 
Addison’s disease commencing before or at puberty may be associated with 
infantilism, especially when adequate substitution therapy is not con- 
sistently maintained. 

SUMMARY 

1. Three cases of Addison’s disease and diabetes mellitus are described 
fully with autopsy findings in the two patients who died. 
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female, aged 30, who was first seen in December 1944, with emaciation, 
nausea and diarrhea, increased pigmentation of the skin, and new patches 
of pigment on the gums. The diagnosis of Addison’s disease was confirmed 
by biochemical data, and the condition responded to dcsoxycorticosterone 
implantation. Six months later thirst and polyuria led to the discovery of 
sugar and acetone in the urine, and a blood sugar of 346 mg. per cent. 
However, the administration of 5 units of soluble insulin daily led to 
h>Toglycemia with attacks of disorientation and even coma, wliich were 
ob^^ated by svibstituting globin insulin. 

Aly third patient (described above) remains alive and well, although in 
a recent temporary phase of acute adrenal insufficiency, he had a persi-stent 
hypoglycemia which nearly proved fatal. 

Comment 

^Ye have seen from the previous section on pathology' and etiolog^^ that 
clinical manifestations of adrenal and islet-cell insufficiency are not in- 
frequently simultaneous, but tliat either may precede the other by some 
months, or occasionally years. Carbohydrate tolerance curv'es, when 
carried out, have indicated a disturbance of islet-cell function months or 
years before clinical diabetes manifested itself {e.g. Simpson’s case 3 ; and 
Thorn and Clinton’s case) . It is perhaps more unusual for the clinical s^m- 
drome of Addison’s disease to be present for some months or years before 
the diabetes, but this was so in 5 cases, Simpson (1), Rhind and Wilson 
(21), Thorn and Clinton (20), Lowrie and colleagues (35), and Simpson 
(case 3, present paper). In another of my cases (case 2) diabetes preceded 
Addison’s disease by no less than twenty-one years and the two diseases 
coexisted for a further five years. 

YTien adrenal insufficiencj'^ is superimposed upon a pre-existing diabetes, 
there is a progressive improvement in carbohydrate tolerance and a strik- 
ing decrease in insulin requirements. There is also a considerable instabilitj’^ 
of blood sugar levels as if the mechanism for blood sugar regulation were 
missing, or impaired, and this is in keeping with the experimental e'sddence 
that the adrenal cortex, ^da the pituitary adrenocorticotropic hormone, 
plan's an important part in sucli regulation. In my case 2, blood sugar 
values varied between 1,540 and 45 mg. per cent, and wide fluctuations 
were met with on the same day noth comparatively small doses of insulin. 
There is usually a very considerable hjqDersensithdty to insulin and hjqjo- 
glycemic attacks are by no means infrequent. They tend to become more 
frequent as the adrenal insufficiency becomes progressively worse. Never- 
theless, if the diabetes is severe, insulin sensitivity with small intravenous 
doses of insulin may not be manifest at the time of testing (mj’^ case 3). 
In the case of Brookfield and Corbett (28) (see pathologj’’ section) severe 
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2. An additional 15 recorded autopsies are summarized, making 17 in 
all. The islet cells of the pancreas were reduced in size and staining power, 
sometimes with hj-alinization, and there was an increase in connective 
tissue and lymphocytic infiltration. The adrenal lesion was atrophy in 10 
cases and tidicrculosis in 3. 

3. Included in the above scries arc two instances of hemochromatosis, 
in one of which the adrenal lesion wasfibro.sis and in the other, coincidental 
tuberculosis. 

4. Clinically, adrenal and islet-cell insufficicnej' may be manifest simul- 
taneously, or cither may precede the other. "When Addison's disease comes 
first, diabetes mellitus may be latent for months or years before it mani- 
fests itself clinically or conclusively. 

5. The e\'idencc tends to confirm the author’s suggestion, first made in 
1932, that the coexistence of adrenal and islet-cell atrophj" may be due 
to a common infective lesion. 

6. When adrenal insufficiency is superimposed on diabetes mellitus, 
there is a progressive reduction in insulin requirements, an increase in 
insulin sensitivity, an instability of blood sugar levels and a proneness to 
sudden hjTDOglycemia. 

7. The existence, or superimposition, of adrenal insufficiency leads to a 
progressive loss of weight and of fat, even with reasonable substitution 
therapj', and ultimately death is usually due to adrenal insufficiency rather 
than diabetic coma. 

S. The Kepler test for adrenal insufficiency is not necessarily valid in 
the presence of islet-cell insufficiency. 

9. Insulin may accentuate the depression of the serum potassium level 
caused by the administration of desoxj’-corticosterone and salt ; and inade- 
quately controlled diabetes may have the opposite effect. Testosterone may 
cause a retention of potassium. 
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THE EXCRETION OF 17-KETOSTEROIDS. I. 
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T he purpose of the present study has been to ascertain the range and 
average rates of excretion of 17-ketosteroids in the urine of normal 
subjects at various ages as determined by the rapid method (1) previously 
described. Such data should prove useful for appraising results obtained 
in the study of endocrinopathies by the now rather large group of in- 
vestigators throughout the country who have manifested an interest in, 
and are using the “short” method (1). 

MATERIALS AND PROCEDURE 

More than 450 twenty-four hour specimens of urine from 120 individuals. 
93 male and 27 female, were examined. In the majority of cases three, and 
often many more, determinations per individual were made. More than 
half of the subjects were without clinical evidence of any disease. A smaller 
proportion were considered “normal” although they had one of a variety 
of disorders of a nonendocrine nature, such as pulmonary emphysema, 
mild anemia, coronary sclerosis, or psychoneurosis. Five cases of well- 
controlled diabetes mellitus were also included as we have failed to find 
any significant variation from normal in the excretion of 17-ketosteroids 
in such subjects. 

Exclusive of 15 children less than 13 years old, the subjects included 85 
males ranging in age from 13 to 75 years and 20 females ranging in age from 
17 to 64 years. To facilitate interpretation, several arbitrary divisions 
according to age were made. The children were thus segregated into two 
groups regardless of sex, including respectively those under 5 years of age 
and those between 5 and 12 years old. There were 2 girls in the former and 
5 in the latter group. The men were divided into four large sections ac- 
cording to age in years: 13 to 16, 17 to 34, 35 to 49 and 50 to 75, with 3, 
53, 11 and 18 subjects respectively in each group. The second section was 
further subdivided into 4 age levels as follows: 17 to 19, 20 to 24, 25 to 
29, and 30 to 34 years, in which there were respectively 26, 14, 10 and 3 
individuals. Significant variations in relation to age were not noted m 
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24-liour specimens were studied. Individual determinations varied from 
1.0 to 8.2 mg. per day, and individual averages ranged from 2.4 to 5.3 mg. 
with a tendency for the older children to show the higher figures. The 
mean excretion for the group was 3.8 mg. daily. As compared with the 
younger boys, those between 13 and 16 years of age showed significantly 
increased values for urinary 17-ketosteroids (average, 9.4 daily) and a wide 
fluctuation for individual values (4 to 21 mg. daily). The averages for the. 
individual subjects varied from 5.6 to 14 mg. per day. 

As compared to other groups, men in the most active period of sexual 
life, 17 to 34 years, had the highest average daily output of 17-ketosteroids, 
viz. 18 mg., and the widest range of values. Averages for the individual 
subjects in this group varied from 11 to 27 mg. per day. Figures for in- 
dividual determinations lay between 9 and 30 mg. per day. Apparently in 
this period of life, a direct relationship exists between age and the amount 
of 17-ketosteroids excreted, as the means for the four sub-groups, arranged 
in ascending order of age, were 17.4, 17.8, 19.4 and 20.7 mg. per day 
respectively. 

Only a moderate decrease in the excretion of 17-ketosteroids was observed 
in males of 35 to 49 years of age, as compared wdth younger men. The 
average for the group was 15 mg. with a range for the averaged individual 
values of from 10 to 21 mg. Results of single determinations varied from 
7 to 23 mg. 

Results for the men, 50 to 75 years of age, and for the adult women of all 
ages were remarkably similar. For these two groups respectively, averages 
were 9 and 9.3 mg., ranges of individual averages 5 to 15 mg. and 7 to 14 
mg,, and variations of individual determinations from 4 to 16 mg. and 3 
to 16 mg. Thus, with a decline of gonadal activity in the male the excretion 
of 17-ketosteroids approaches that of the female. It is perhaps significant 
to mention regarding the 20 females, that 6 healthy young nurses between 
19 and 27 years of age excreted a daily average of 10.8 mg., in contrast to 
the 14 hospital female patients, 17 to 64 years old, who excreted an average 
of 8.8 mg. in 24 hours. 

The individual averages for all men and cliildren were plotted against 
age, as shown in Figure 1.^ 

For each subject the percentage average deviation of individual de- 
terminations from his mean value was obtained. In the vast majority of 
cases it was less than 30 per cent, and never more than 36 per cent. An 
overall average deviation in percentage, weighted as to the number of 
determinations per individual, was then calculated. This value was 17.5 
per cent. The relative consistency of excretion of 17-ketosteroids from day 
to day for the normal person is reflected in these figures. Thus, given only 
a single specimen, the value generally will not deviate by more than plus 
or minus 30 per cent from the average which would be obtained were 
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adult women; tlicrcforc, the data obtained from them have not been sub- 
jected to analysis in relation to age. 

HBSULTS 

The daily values for urinary 17-ketostcroids for the individual subjects 
were averaged and the values thus obtained were used to calculate the 
mean and the standard deviation from the mean for each of the groups 
(Table l)d 

Tahu'. 1. Data on thk UniNARY Excretion of ‘ 
17-KETOSTEROinS IN NoRMAE SUBJECTS 
(Arranged in Relation to Age and Sex) 


Age 

group 

Xumher of 

•Amount of 17-kcfostoroids 
excreted (mg./day) 

Stand- 
ard 
devia- 
tion ff 
(from 
group 
means) 

1 

±20- 

, Coeff. of 
varia- 
tion 

Cases 

Determi- 

nations 

Group 

aver- 

age 

Range of individual 

Averages 

Determi- 

nations 

Children I 









under 5 

2 

3 

1.4 


0.7- 2.0 ] 




5-12 

13 

33 

1 

I 3.S 

2.4- 5.3 

1.0- 8.2 

1 

0.9 

2.0- 5.6 ! 

i 

23.7% 

Males 









13-16 

3 

12 

9.4 

5.6-14.0 

4.0-21.0 

3.5 

2.4-16.4 


17-34 

53 

230 

IS.O 

11.0-27.0 

9.0-30.0 

3.0 


16.5% 

17-19 

26 


17.4 



3.4 

10.6-24.2 


20-24 

14 


17. S 



4.0 

9.8-25.8 


25-29 

10 


19.4 



2.0 

15.4-23.4 


30-34 

3 


20.7 



1.4 

17.9-23.5 


35-49 

11 

34 

15.0 

10.0-21.0 

7.0-23.0 

2.8 



50-75 

IS 

60 

9.0 

5.0-15.0 

4.0-16.0 

2.6 

3.8-14.2 

31.0% 

Females 









17-64 

20 

100 

9.3 

7.0-14.0 

3.0-16.0 

2.0 

5.3-13.3 

21.5% 

Totals 

120 

472 







Because of the difficulty in securing all the urine from the A'erj^ young, 
onlj^ three satisfactory samples from two children under 5 j’^ears, actually 
and 4 years of age respectively, were obtained. The values for 17-ketos- 
teroids excreted in these samples were 0.7, 1.5 and 2 mg. respectively vdth a 
mean of 1.4 mg. in 24 hours. In 13 children between 5 and 12 years of age, 33 

* V' e Vidsh to thank Mr. Harold Satran, statistician to the Research Unit, for his help 
in caiTj-ing out the statistical calculations. 










































THYROID COLLECTION OF RADIOACTIVE IODIDE 
AND SERUM PROTEIN-BOUND IODINE CONCEN- 
TRATION IN SENESCENCE, IN HYPOTHY- 
ROIDISM AND IN HYPOPITUITARISM* 

MARTIN PERLMUTTER, M.D.f and D. S. RIGGS, M.D. 

From the Departments of Medicine and Pharmacology, Harvard Medical School, 
and the Medical Clinic, Peter Be7il Brigham Hospital, Boston 

I N normal senescence, there is a gradual reduction in basal metabolic 
rate as well as a decrease in basal body temperature (1). These phenom- 
ena have been attributed to decreased activity of the thyroid gland in the 
aged. Anatomic studies have revealed atrophy of the acini, decrease in the 
colloid and iodine content, and decrease in the number of dividing cells 
in the senile gland as compared to the gland of young adults (2). Thus 
there is both clinical and morphologic evidence to suggest decreased thy- 
roid activity in the senile individual. 

Although there has been much speculation as to the cause of senile 
“hypothyroidism,” no experimental data have been presented to elucidate 
this aspect of the problem. Primary failure of the thyroid to supply ade- 
quate hormone has been considered to be the cause of this hypometabolic 
state (2, 3). Others have postulated that pituitary hypofunction is the 
primary cause (1). 

Benedict’s (4) and Boothby’s (5) classic studies, thirty years ago, 
demonstrated that the basal metabolic rate was a useful clinical gauge of 
thyroid activity. Within the past decade, two more direct assays of thyroid 
function have been developed, i.e. the chemical determination of the 
concentration of protein-bound iodine in the serum and the determination 
of the rate of accumulation of radioactive iodide by the thyroid. Salter, 
Bassett and Sappington (6) and Winkler and associates (7) have demon- 
strated the very close correlation between the concentration of serum 
protein-bound iodine and the clinical estimation of thyroid activity. The 
protein-bound iodine may usually be considered an index of the circulating 
thyroid hormone. Hamilton and Soley (8) and Hertz and co-workers (9) 
have shown that the rate of accumulation of radioactive iodide by the 
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AVERAGE AND RANGE OF 24 HOUR URINARY 
EXCRETION OF 17 KETOSTER OIDS IN NORMAL 
MALES BASED ON 372 DETERMINATIONS IN 



• ALL OTHER SUBJECTS 
Fig. 1. 

several specimens examined. In 15 subjects, the average figures for 17- 
ketosteroids in three consecutively collected 24-hour samples of urine 
varied by not more than 2 mg. from similar averages for the determinations 
through periods of nine days. 

SUMMARY 

1. The 24:-hour urinary excretion of 17-ketosteroids for each of 120 
normal subjects, 93 male and 27 female, was determined bj' a rapid 
method to establish mean values in relation to age and sex. 

2. The average dail}’^ excretions of 17-ketosteroids for children, under 5 
and between o and 12 years of age were 1.4 and 3.8 mg., respective^. For 
4 groups of males arranged according to age (13 to 16; 17 to 34; 35 to 49; 
and 50 to 75 years), the corresponding values were 9.4, 18.0, 15 and 9.0 mg., 
respectively. The average excretion for females was 9.3 mg. 

3. By plotting the indmdual averages of children and adult males 
against age, a graph has been constructed which gives the mean and range 
of the mean 24-hour minary excretion of 17-ketosteroids. 
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for the determination of total urinary 17-ketosteroids, J. Clin. Endocrinol. 7: 795-.SnO 
(Dec.) 1947. 
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iodide uptake by the thyroid. A negative gradient signifies that the initial 
count at one hour after ingestion of iodide was the greatest and that the 
count decreased during the ensuing three liours. 

The protein-bound iodine’^ of the serum was assayed according to the 
method of Man and associates (12). 

RESULTS 

In euthyroidism: The individual accumulation gradients of over 160 
patients, who clinically demonsti'ated no evidence of thyroid dysfunction, 
are grouped in Tables 1 and 2, according to sex and age. Because there was 


Table 1. Accumulation Gradients of Euthyroid Men. 


Age in years 

12-19 

20-29 

30-39 

40-49 

50-59 

60-69 70 and over 


4.2 

6.4 

3.4 

4.5 

2.1 

2.9 

0.4 


4.8 

4.5 

2.4 

2.3 

1.8 

1.3 

0.4 


3.9 

7.4 

3.7 

1.9 

3.7 

1.9 

0.5 


3.1 

3.9 

3.4 

2.7 

3.4 

2.3 

1.2 


4.0 

2.3 

2.5 

1.6 

1.0 

3.0 



10.2 

4.5 

2.2 

11.0 

3.6 

2.8 



9.7 

1.4 

2.2 

4.1 

2.8 

1.2 



5.5 

3.1 


2.2 

1.2 

0.7 



1.7 

2.8 


2.6 

0.6 

1.5 



0.0 

1.2 


1.3 

1.9 

0.7 



1.7 

3.8 


3.5 

0.6 

1.2 




4.2 


3.0 

1.6 



- 


1.4 


-0.4 








0.7 




Mean 

4.4 

3.8 

2.8 

2.9 

2.0 

1.8 

0.6 

S.E.M.* 

0.95 

0.53 

0.08 

0.71 

0.31 

0.23 

0.2 


* Standard error of the mean. 


considerable scatter within each group and because the number of patients 
in the seven sub-groups was small, the series was divided into three larger 
groups. The pubertal group ranged in age from 12-19 years, the young 
adult group from 20-49, and the elderly adult group, from 50 years up. 
In Tables 3 and 4, the mean gradients of these three groups are compared. 

The effect of aging upon the mean accumulation gradient is presented in 
Table 3. In both the male and female series, the mean gradients of the 

1 The following ranges are given as a guide to the interpretation of serum protein- 
bound iodine values; 0-2.9 gamma %, subnormal; 3. 0-3. 4 gamma %, borderline low, 
3. 5-6. 9 gamma %, normal; 7.0-7. 9 gamma %, borderline high; above 8.0 gamma %, 
above normal. 
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thyroid can be measured with an externally placed Geiger-Mliller counter. 
vSince Alorton and associates (10) have demonstrated that most of the 
iodide accumulated in the normal thyroid is rapidly converted into or- 
ganically bound iodine, the rate of iodide accumulation by the thyroid can 
usually be considered indicative of the rate of thyroid hormone synthesis. 

Utilizing these two newer methods, the rate of thyroid hormone syn- 
thesis and the concentration of circulating thyroid hormone were studied 
in senescence, in primary hypothyroidism, and in primary hjT^opitui- 
tarism. The rate of radioactive iodide accumulation by the thyroid was 
determined in IGO hospitalized patients with presumably normal thyroid 
function, and in 13 patients with hypothyroidism or hj-popituitarism. 
Determinations of the serum concentration of protein-bound iodine were 
limited to the sera of untreated hypothyroid or hypopituitary patients and 
of 17 patients clinically free of hjTDothyroidism or h}'perth 3 'roidism, manj' 
of whom exhibited a sluggish rate of iodide uptake. 

METHODS 

The euthj’roid subjects were hospitalized patients whose illness had no 
apparent effect upon their thj^oid function; clinicallj’’, these patients 
demonstrated no evidence of thjToid dj'sfunction. In the others, the diag- 
nosis of hjTiothjToidism or hjTJopituitarism was made on clinical grounds. 
Three hj-popituitarj" patients and one probable hjTDOthjToid patient were 
kindlj' sent to us bj" Dr. F. Albright for this studj'. 

The radioactive iodide, was obtained from the Clinton Laboratories, 
Oak Ridge, Tennessee. The half-life of this isotope is eight daj's. 

The rate of uptake of radioactive iodide was determined bj' the method 
of Stanley^ and Astwood (11). One-tenth of a millicurie of carrier-free 
radioactive iodide in approximatelj’^ 50 ml. of water was administered 
orallj'^ about thirtj^ minutes before breakfast or luncheon. The radioactive 
iodide was contained in approximatelj’' 50 ml. of water. A second 50 ml. of 
water was taken immediate!}" after the first in order to rinse the radioactive 
isotope from the glass, mouth, and esophagus. A Geiger-Miiller tube, 
without a lead shield, was placed against the neck as described bj" Stanle}" 
and Astwood (11). A brass shield was placed over the window of the 
Geiger-Miiller tube to block beta radiation from the sweat. Counts, in 
duplicate, of the gamma radiation emanating from the neck were taken at 
1, 2, 3, and 4-hour intervals after the ingestion of the radioactive isotope. 
The counts per second were plotted as the ordinate and the square root of 
the time as the abscissa. The slope of this line, approximating a straight 
line in almost every case, is a numerical expression of the rate of accumula- 
tion of iodide bj" the thyroid and has been termed the accumulation gradi- 
ent b}" Stanlej" and Astwood (11). A positive gradient indicates increasing 
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Table 3. Mean Accumulation Gradients in Young and 
Elderly Adults. Effect of Aging. 



Mean 
+ S.E.M. 

No. 

in 

series 

Mean 

±S.E.M. 

No. 

in 

series 

Difference 
of means 
+ S.E.M. 

i 

Value 

Per cent 
chance 
that dif- 
ference is 
significant 

Age in 3 ^ears 

20-49 


50 and over 

1 



Females 

4.8+0.47 

35 

1 2.4+0.22 

49 

2.4+0.51 

4.6 

99.99 

Males 

3.2+0.36 

34 

1.7+0.19 

27 

1.5+0.43 

3.5 

99.95 


Table 4. Divfetience of AIean Accuaiulation Gradients 
IN Males and Females. 



Mean 
+ S.E.M. 

No. 

in 

series 

Mean 

±S.E.M. 

No. 

in 

series 

Difference 
of means 
+ S.E.M. 

i 

A^aliie 

Per cent 
chance 
that dif- 
ference is 
significant 

Sex 

Females 

Males 





Age: 12-19 

4.1+0.62 

6 

4.4+0.95 

11 

0.3 + 1.1 



20-49 

4.S±0.47 

35 

3.2+0.36 

34 

1.6+0.59 

2.7 

99.31 

50 and over 

2.4+0.22 

49 

1.7+0.19 

27 

0.7+0.29 

2.4 

98.36 


In hypothyroidism and hypopituitarism: Eight myxedematous patients 
were included in this study. Three of tliese patients liad received no thy- 
roid therapy for more than one month prior to the determination of the 
rate of iodide uptake by their thyroids. Maintenance thyroid medication 
had not been discontinued in tlie other 5 patients. The ages, sex, protein- 
bound iodine concentrations, and accumulation gradients are presented in 
Table 6. 

, The radioactive iodide uptake of 5 patients with hypopituitarism was 
studied; the serum concentration of protein-bound iodine was determined 
in 3 of these patients. The ages, sex, protein-bound iodine concentrations, 
and accumulation gradients are presented in Table 7. 

DISCUSSION 

Technique: Our data agree with Stanley’s reports (11, 13) that the 
aeeumulation of radioactive iodide by the thyroid approximates a straight 
line, when the counts per second are plotted against the square root of the 
time since the ingestion of the isotope. Our accumulation gradients for 
apparently normal individuals ranged from 0 to 12. This is in close agree- 
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young adult groups are, statistically, significantly higher than those of the 
older group. 

The difference in gradients between the two sexes is summarized in 
Table 4. There is no apparent difference between the rate of iodide uptake 
by the thyroid of the adolescent male and that of the adolescent female in 
this small series. In contrast, the mean gradient of the females is higher than 


T.^ulk 2. Accumulation Gradients of Euthyroid Women. 


.\ge in years 

12-19 

20-29 

30-39 

40-49 

50-59 

G0-G9 

70 and over 


3.2 

4.S 

5.2 

5. 1 

2.S 

3.0 

l.G 


G.O 

9.7 

3.9 

5.G 

G.3 

1 .3 

2.7 


4.0 

4.2 

1 .5 

2.4 

l.S 

1 .7 

1.0 


5.0 

3.3 

2.G 

5. 1 

2.1 

1.3 

3.3 


l.G 

4.2 

3.7 

0.4 

G.G 

2.0 

2.9 


4.1 

S.4 

0.6 

0.3 

5.2 

3.1 

1.4 



4 .5 

S.4 

7.S 

4.9 

1.1 

1 .4 



G.3 

10.7 

2.S 

3.G 

1.1 

2.4 



o.O 

4.4 

11.9 

1 .2 

0.9 

4.C 



l.S 

2.5 

l.G 

0.0 

0.9 




3.3 


9.4 

l.S 

0.4 




1.3 


1.6 

l.S 

1.0 




3.S 



0.9 

4.S 







0.7 

3.6 







1.9 

2.3 







l.G 

3.0 







2.9 

2.9 







1 .5 

5.S 







1.1 

3.1 







1.6 

0.5 


Mean 

4.1 

4.7 

4.4 

5.4 

2.5 

2 .2 

2.4 

S.E.M.* 

0.62 

0.65 

0.95 

0.95 

0.42 

0.33 

0.3S 


* Standard error of the mean. 


the corresponding mean of the males in both the young adult and the 
older adult groups. These differences are probably significant, statisticall 3 ', 
since the t values are over 2. 

As mentioned above, the protein-bound iodine assays were made on the 
sera of onlj”- 17 of the apparently’' euthywoid indiAnduals. The ages, accumu- 
lation gradients and protein-bound iodine concentrations of these patients 
are presented in Table 5. With one exception, the concentrations of the 
serum protein-bound iodine were normal despite the low gradients of most 
of these patients. 
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ganic or organic iodine. The iodides commonly used as medication, and 
those iodine-containing compounds used in x-ray examinations of the 
kidney, lungs, and gallbladder, flood the thyroid witli iodide so that falsely 
low gradients are obtained. Antecedent or concurrent tliyroid therapy 
lowered the gradient in two of our euthyroid patients from 1.6 to 0.5 and 
from 4.2 to 2.2 respectively. To date, no falsely high rates have been recog- 
nized. It is considered likely that some of the low gradients in this series 
may have been due to undetected antecedent iodide ingestion. 

Aging: Our data indicate that there is a decreased rate of iodide uptake 
in senescence (presumably indicating a decreased rate of thyroxin forma- 


Table 7. Accumulation Gradients and Serum Protein-Bound Iodine 
Concentrations of Patients with Hypopituitarism 


Sex 

Age 

(yrs.) 

Serum protein 
bound iodine 
(gamma %) 

Concurrent 

tlij^oid 

therapy 

Accumulation 

gradient 

F 

43 



0 

0.7 

M 

47 

1.9 

0 

1.3 

M 

47 

2.7 

+ 


F 

38 

— 

+ 

0.3 

F 

28 

2.3 

+ 

1.4 


tion) ; however, this is associated with a normal level of circulating thyroid 
hormone. The normal level of blood protein-bound iodine indicates that 
there is no diminution in the concentration of thyroid hormone reaching 
the tissues. This suggests that the low rate of thyroid hormone production 
in senescence is not due to thyroid hypofunction, either primary or. second- 
ary to pituitary failure. 

It has been demonstrated experimentally that thyroxin administration 
decreases the thyrotropic hormone (T.S.H.) content of the rat’s pituitar}'^ 
to less than 5 per cent of the normal value (14). It has also been demon- 
strated that administration of thyroid to the normal human temporarily 
causes thyroid hypofunction (15). As noted here, thyroid medication did 
lower the gradient in two of our patients. It seems probable that a high 
level of circulating thyroid hormone depresses T.S.H. production and 
secretion. That thyroid activity is in large part directly controlled by the 
pituitary T.S.H. has been well documented. Thus it seems that the con- 
centration of the circulating thyroid hormone indirectly controls the 
activity of the thyroid. The concentration of the thyroid hoimone in the 
blood depends not only upon the rate of secretion from the thyroid, but 
also upon the rate of utilization by the tissues or excretion from the body. 
Decreased utilization of the thyroid hormone by the peripheral tissue 



Mni/, tn.'O 


lOniNl': IX IIVPOMHTABOLISM 


435 


Tahi.i; 5. .■ 

IcocMi'LATiox GiiAnir.NTs Axn Siani.M Fitonax 
C’ONCENTUATIO.VS OK I'llTHYltOin I’aTIK.NTS. 

-Bound Iodine 

Sex 

Akc 

(yr.-;.) 

Gradient 

Scrum protein- 
bound iodine 
(gamma %) 

F 

■2S 

9.7 

5.0 

F 

3S 

8.4 

5.0 

F 

3S 

0.0 

4.1 

F 

3S 

1 .5 

3.8 

M 

40 

1 .9 

0.4 

M 

43 

1 .3 

4.0 

M 

00 

2.9 

3.0 

F 

01 

1 .3 

5.0 

F 

03 

0.4 

4.1 

F 

03 

1.1 

4.2 

M 

04 

1 .2 

5.3 

F 

Go 

1.7 

0.1 

M 

00 

1.9 

2.4* 

F 

GO 

0.9 

4.0 

M 

09 

0.8 

5 . 1 

F 

09 

3.0 

4.8 

F 

70 

5.5 

4.5 

* This iiaticnt liad central nervous system sypliilis and clinically did not appear to 

be h}-pothj'roid. 




ment with Stanley’s report (13) that the normal range 

was between 1 and 

15. 




It would be well to point out that falsel 3 ' low gradients maj’ be caused 

bj^ the antecedent ingestion 

or injection of compounds containing inor- 

Table C. 

Accumulation’ Gradients and Serum Protein-Bound Iodine 


Concentrations 

OF P.ATIENTS WITH HYPOTHYROIDISM 


Age 

Serum protein- Concurrent 


Sex 

(yrs.) 

bound iodine thyroid 

^rnflipint, 



(gamma %) therapy 


F 

38 

0.8 0 

0.5 

M 

40 

— 0 

-0.1 

F 

48 

— 0 

-0.5 

F 

49 

— + 


M 

56 

— + 

-0.1 

F 

50 

— + 


F 

78 

— -t- 

-0.3 

F 

59 

0.3 + 

-0.5 
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in these cases. Sheehan’s (19) patliologic studies in cases of pituitary failure 
indicate only partial thyroid atrophy in this condition. Thus one would 
expect that thyroid function would be decreased less in hypopituitarism 
than in h5^poth3a-oidism. 

Value of tests: The combined use of the rate of uptake of radioactive 
iodide and the assaj'' of circulating protein-bound iodine has made possible 
a dynamic studj'' of th^noid ph3^siolog3^ in senescence and in certain hypo- 
metabolic states which would have been impossible Avithout these tools. 
Further combined use of these tests should help to define the role of aber- 
rations of tlDu’oid function in other syndromes associated Avith abnormal 
metabolism. 

The rather Avide scatter of the gradients Avithin each subgroup in Tables 
1 and 2 emphasizes the impracticability of using the gradient as the sole 
means of diagnosing th5a'oid abnormality. HoAveAmr, Avhen used in con- 
junction Avith the assaj'’ of circulating protein-bound iodine, it is a test of 
physiologic as Avell as of diagnostic importance. 

SUMMARY 

A stud}'' has been made of the rate of uptake of radioactiAm iodide by the 
thyroids of 160 apparently euthju’oid and 13 h 3 ^pothyroid or h 3 ^popituitary 
patients. The leA'^el of protein-bound iodine of the serum Avas determined 
in selected cases. 

The causes of a Ioav rate of iodide uptake are discussed. There is con- 
siderable scatter of the uptakes AAuthin the euthyroid groups. 

The mean accumulation gradient, a measure of the rate of iodide uptake, 
decreases Avith aging. This decreased gradient is not associated with a 
decreased concentration of circulating protein-bound iodine. 

In the male, there is a gradual drop in the mean gradient from puberty 
to senescence. In the female there is a sharp drop in the mean gradient, 
after the menopause, to low levels. There is no sex difference in the mean 
gradients at puberty; hoAveAmr, after pubert3'', the mean gradients in the 
female are consistently higher than in the male. 

The accumulation gradients tend to be Ioav in hypoth3n’oidism and in 
hypopituitarism; in these diseases, they are associated Avith a subnormal 
concentration of serum protein-bound iodine. 

A mechanism, Avhereby the peripheral tissue may regulate th 3 ''roid func- 
tion, is postulated and the possible influence of the sex hormones upon 
peripheral utilization of the th 3 ^roid hormone is discussed. Our data sug- 
gest that the decreased activity of the th 3 a-oid gland in senescence is 
primarily associated Avith decreased peripheral utilization of the hormone. 

The combined use of the rate of uptake of radioactive iodide and the 
assa3'’ of the circulating protein-bound iodme offers a Amluable method for 
the stud 3 ^ of abnormal metabolic states. 
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might tend to elevate temporarily the concentration of circulating hor- 
mone. This presumed temporary elevation of the concentration of cir- 
culating thyroid hormone might depress T.S.H. production and thus de- 
crease thyroid activity. This lowered thyroid hormone synthesis would 
result in decrease of the temporarily elevated circulating hormone level 
to normal. Thus a normal eirculating hormone concentration may be 
maintained when there is a decrease in the peripheral utilization of thyroid 
hormone, by means of decrease in thyroid activity. It is suggested that the 
thyroid hjiiofunction of senescence may be caused by such a postulated 
homeostatic mechanism of maintaining a normal level of circulating hor- 
mone. This agrees with Thewlis’ (1) conclusion that the thyroid atrophy 
of senescence is not associated with pituitary In’poplasia and is probably 
due to decreased requirement of the end organ. 

Thyroid function maj’ thus be under the control of its end organ, the 
peripheral tissue, as well as being under the control of its master gland, 
the pituitary. Sayers and Sayers (16) have postulated a similar control of 
adrenal cortical function by the peripheral tissue and the pituitary. 

If this theory is true, it would indicate that the senile patient with 
m^'xedema might need less thjToid replacement therapy than do younger 
hj-pothjToid patients. AIueller-Deham and Robson (17) have reported 
that in the senile In-pothyroid patient, the effective dose of thjToid extract 
is usually smaller than in earlier age groups. 

Sex differences: HjqDerthjToidism has long been recognized as pre- 
dominantly a disease of women. It is therefore of interest to note that, 
after puberty, the rate of radioactive iodide uptake is greater in the female 
than in the male. It is possible that the more active thjToid gland during 
the adult female’s active sex life is associated with increased peripheral 
utilization of the thjToid hormone in the presence of the sex hormones. 
It has been demonstrated that the basal metabolic rate of the hj-popitui- 
tary individual may be raised by testosterone therapy alone (18). Perhaps 
the sex hormones, by speeding up body metabolism, may increase the 
peripheral utilization of thyroxin. The sharp fall of the mean accumulation 
gradient after the menopause in the female is consistent with this theorj’. 
Studies of the effect of sex hormones upon the accumulation gradient are 
contemplated in order to test this theory. 

Hypothyroidism and hypopituitarism: The gradients were low in everj' 
case of hjqDothjToidism and in 4 of the 5 cases of hjqjopituitarism; it was 
normal in the fifth hjqDopituitarj'- patient. Although the gradients seem to 
be lower in the untreated h 3 q)othyroid patients than in the 'untreated 
hjqjopituitarj'- patients, more data are necessary before any conclusion can 
be reached as to their value in the differential diagnosis of these two condi- 
tions. The serum protein-bound iodine levels were definitely below normal 
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From the Clinical Services and the Laboratory of Clinical Physiology, McLean 
Hospital, Waverley, Mass., and the Department of Medicine and Psyehiatry, 
Harvard Medical School, Boston, Mass. 

T he data of earlier work (1, 2, 3, 4, 5, 6) indicate the occurrence of 
strong stimulation of the adrenal cortex during and after convulsions 
induced electrically in the treatment of mental disease. The possible im- 
portance of increased secretion of some steroid hormones in causing the 
beneficial response to electroconvulsive therapy is suggested by clinical 
studies on the effects of testosterone in large doses in patients in relapse 
after having recovered from mental disease as a consequence of shock 
therapy (7). 

The steroid hormones are known to have several different functions. In 
an attempt to gain insight into which of these functions might be important 
in relation to the beneficial effects of shock therapy, it was decided to study 
the blood eosinophil count in patients given this form of treatment. 

MATERIAL AND METHODS 

Twenty-one patients, ranging in age from 22 to 65 years, were studied; 
14 were women. The diagnoses were various (Table 1). Some of the pa- 
tients had been ill for long periods but none was more than slightly deteri- 
orated. In the case of the patients with schizophrenia, the clinical course 
was variable but none of the patients was entirely well for any prolonged 
period. The patients with manic-depressive psychoses, on the other hand, 
had periods of complete normality of some duration; in these instances the 
duration of the present attack is indicated in parentheses in Table 1. 

The method described by Forsham and associates (8) was used. A 
sample of venous blood was taken immediately before a convulsion was 
induced and again four, eight and, in a few instances, twenty-four hours 
later. The schedule of treatments was determined by clinical considera- 
tions. Forty-six experiments were performed; an additional study was 
made on one subject who also was given adrenocorticotropic hormones. 

OBSERVATIONS 

The eosinophil counts were within the normal range before shock in all 
instances but one ; one patient (Case 6) had an unexplained eosinophilia of 
11 per cent so that his eosinophilic cells numbered 2000 per cu.mm, of 
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blood. After electro-shock was given, decreases in eosinophilic cell count 
were found at the end of four hours in all patients but 2 (Cases 5 and 6); in 
the second of these, a fall of 60 per cent occurred at the end of eight hours 
after the treatment. In 3 instances (Cases 6, 11, and 15) the changes found 
at the end of eight hours were larger than those at the end of four hours 
after treatment, but the differences were not significant in two of these 
studies (Cases 11 and 15). Of the 13 measurements made at the end of 
twenty-four hours after treatment, the changes were more marked at this 



DECREASE IN EOSINOPHILIC CELLS DAYS 

Fig. 1. Relation between initial eosin- Fig. 2. Recovery of eosinophilic cell 
ophilic cell count and magnitude of de- response to electroconvulsive therap}' 
crease after electrically induced convul- after a period of rest. Arrows indicate 
sions. shocks. 

time than at eight hours in 7 (Cases 3, 8, 12, 16, 18, 20) and were the same 
in 2 (Cases 8 and 11) ; indeed in 2 experiments the decrease in blood eosino- 
philic cells was slightly greater at twenty-four than at four hours aftei 
the treatment (Cases 6 and 11). 

The amount of decrease in eosinophilic cell count after electroshock 
varied (Fig. 1). All patients studied on the occasion of the first treatment 
showed decreases in counts of at least 63 per cent irrespective of diagnosis 
and duration of illness (Cases 1, 2, 11, 12, 13, and 18). When treatments 
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Tabi,!: 1 


C.w 


.1 


Total 

Per rent decrea«e 
in eosinophils 

Number 
of shock 

1 Schedule of shock 

No, 


duration 



in 24 

trc.at- 

treatments 


1 




hours 

houm 

hours 

ment.s 


1 

57 1 

r 

ScUitophrcnia. para- 

H 

100 

100 

88 

1 

Nine, riven three times 




noid 

100 

— 


10 

wceklv:a rent of 22d.ays, 


1 



91 

— 

— 

14 

then three times weekly. 

•■> 

47 

M 

Srhitophrcnia, cat.a- 

6 months 

94 

62 

— 

1 

Three times weekly. 




tonic 


50 

25 


18 


3 

22 I 

F 

Schirophrcnia, cata- 

2 yearn 

75 

0 

3S 

o 

Three times weekly. 


1 


tonic 

4$ 

0 

— 

5 


4 

31 

M 

Srh i * oph rr n in . !irbo- 

S yc*ars 

75 

50 

— 

6 

Se\’cn, riven once week- 




phrenic 

24 

0 

— 

7 

ly; a rest of 11 daj-s. 





75 

— 

— 

11 

then three times 






C4 

— 

— 

13 

weekly. 

5 

30 

F 

Fchiiophrrnia, mt.'i- 

0 yearn 

45 

8 

0 

6 

Six, ri\Tn three times 




tonic 

0 

0 


28 

wceklj'. Then 20, twice 
weekly. 


G 

30 1 

M 

Schiiophrcnia. hebe- 
phrenic 

1 4 ycar^ | 

0 

GO 

49 

ll 

Three times weekly. 

7 

36 

F 

Schiiophrenia, para- 

IS months 

S3 

52 

Bi 

16 

Ten, ri'^en three tim^ 


1 


noid 


79 

1 

H 

17 

1 

weekly; then one, every 

1 2--3 weeks- 

8 

m 

11 

1 Schijrophrenia, pani- 

6 year? 

IS 

1 0 


27 

One every* days. 


n 

11 

j noid 

40 

11 

1 ■‘0 1 

32 

9 1 

25 

F 

Schiiophrenia, para- 1 

IS montli5 

« 4 

50 



45 

1 Three weekly. 



1 

noid 1 


33 

0 

— 

! 49 

10 

49 

F 

Schiiophrenia. para- | 

j 13 years j 


1 20 



78 

One weekly. 

i 




noid 



— 

83 

11 

43 

F 

^tanic-deprc^»^'?ire psy- 
chosis, depressed. 

j S months 

■ 

■ 

78 

1 


12 

48 

M 

Manic-depressive psv- 

2 years ' 

1 

66 

0 

19 

1 1 

Ten, given three times 




chosi’s, depressed. 

89 

0 

33 

10 

weekly; then 4, twice 





(5 months)^ j 

53 

35 

— j 

14 

weekly; then 2, once 






51 

( 

* — 

16 

weekly. 

13 

49 

F 

Psychoneurosis, reac- 
tive depression. 

1 year ' 

95 

55 

“ ' 

1 


14 

52 

M 

Manic-depressive dsv- 

3 vears 

72 

36 



n 

Nine, given three times 




chosis, depressed 

(3 months)* 

64 



H ! 

weekly; then 5, once 
weekly. 

15 

60 

F 

Manic-depressive 

6 years 

93 

38 



4 

Three times weekly. 




chosis, depressed. 

(6 weeks)* 

33 

41 

— 

7 



B 



4 4 

43 

— 

8 


16 

52 

Q 

Manic-depressive psv- 

3 weeks 

56 

15 

0 

2 

Two, given once daily; 



■ 

chosis, depressed 


81 

I 

13 

33 

8 

then 7, given three times 
weekly. 

17 

47 

M 

Manic-depressive psv- 

3 months 

75 

49 



1 

Ten, given three times 




chosis, manic 


63 

15 

— 

7 

weekly; then a rest of a 






82 

— 

— 

11 

week; then three times 






63 

— 

— 

13 

weekly. 

18 

so 

M 

Psychoneurosis, reac- 
tive depression 

3 months 

77 

48 

85 

1 


19 

50 

F 

Psychoneurosis, reac- 
tive depression 

2 years 

55 

30 

_ 

6 

Three times weekly. 





55 

0 

— 

S 

20 

60 

F 

Involutional psycho- 
sis, melancholia 

18 months 

70 

0 

4 

9 

Three times weekly. 


* Duration of present attack. 
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DISCUSSION 

The results of the present study afford additional data supporting the 
concept that the adrenal cortex is stimulated during the course of electro- 
convulsive therapy. The decrease in eosinophilic cell count interpreted as 
evidence of adrenal cortical activity occurred after electrically induced 
convulsions in patients irrespective of diagnosis or of duration of illness; 
there was no correlation between the magnitude or persistence of the 
eosinophil response and the degree or persistence of clinical improvement 
resulting from the shock treatments given. 

The response of the eosinophilic cells' decreased with frequentl}'" re- 
peated shocks in a manner reminiscent of the findings of Hills and associ- 
ates (9) after daily injections of adrenocorticotropic hormone. However, 
the response returned in the present stud}’' after rest periods of ten or more 
days. 

Available evidence indicates that the eosinophilic cell response is conse- 
quent to the action of 1 1-oxysteroids (8, 9, 10). It is evident from the 
present data that the steroid hormone responsible for the decrease in blood 
eosinophilic cells after electrically induced convulsions does not give rise 
to the clinical remission of mental disease secured by shock therapy. 
Accordingly, it must be concluded that increased production of the 11-oxy- 
steroid hormones does not give rise by itself to the beneficial effects of 
shock therapy. A previous study (4) ruled out the 3-ketosteroids as effec- 
tive in this direction Clinical observations (7) suggest that the hormones 
which may be responsible for the beneficial effects of shock therapy have 
anabolic effects. Further studies of the last-named steroid hormones in 
regard to mental disease are clearly indicated. 

SUMMARY AND CONCLUSIONS 

Patients given electroconvulsive therapy for mental disease exhibit de- 
creases in blood eosinophilic cell counts irrespective of diagnosis, duration 
of disease and clinical response to the shock treatment. The change in 
eosinophilic cell count tends to become less marked when treatments are 
given frequently and may return to its former level after a rest period of 
more than ten days. 

In one instance the effect of adrenocorticotropic hormone (Armour) 
was compared with that of shock therapy, both given over a period of 
several weeks. The hormone caused a marked eosinophilic cell response 
but no clinical improvement whereas the convulsions caused a lesser 
eosinophilic cell response but resulted in clinical remission. 

It is concluded that increased production of 1 1-oxysteroids, considered 
to be responsible for the eosinophilic cell response, is not the cause of 
clinical remission in patients given electroconvulsive therapy. 
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were continued ut frequent intervals, /.c., every five days or more often, 
tlic amount of decrease in eosinophilic cell count after each shock lessened 
(Cases 1, 2, 3, 0, 14. and 17). In the case of patients given treatments once 
a week, insignificant lessening of the response of the eosinophilic cells oc- 
curred in two instances (Cases 7 and 10) and a significant le.s.sening was 
found in one (Case 4). 

Recovery of the eosinophilic cell rospon.se occurred after rc.st periods of 
ten days or more (Fig. 2). Tins was clearly indicated in two patients 
(Ca.se 4 and 17) and .suggested by the data in one other (Case 1). The find- 
ing of a greater re.spon.se after the eighth tlian after tlie .second treatment 
in one patient (Ca.se 16) is probably due to the fact tliat the second shock 
followed the first by only one day, whereas all the other shocks given this 
patient were separated by intervals of two or tlirec days. The small re- 
sponse found after the seventh treatment in Case 15, followed by a large 
change after the eighth is consequent to tlie fact that the administration 
of the treatment caused onlj* a brief period of unconsciousness and no 
convulsion on the occasion of tlie seventh shock. 


T.vui.e 2. Decue.vsk ik Blood Eosinophilic Cells 
4 Hours After Tre.\t.mbnt 
C.^so 21 (age C5; involutional ps 3 'chosis, melancholia) 


Date 

Decrease 
per cent 

Type of treatment 

5-2S-4S 

93 

Adrenocorticotropic hormone, 10 mg. 

&-16-4S 

1 G3 

First shock 

6-2S-4S 

68 

Sixth shock 

7-2-48 

54 

Eighth shock 


One patient (Case 21, Table 2) was given 0.6 Gm. of adrenocorticotropic 
hormone^ in a period of eighteen days. On the first day of this period the 
injection of the hormone resulted in a decrease of eosinophilic cell count 
of 93 per cent; at the end of the eighteen days of treatment the patient 
was not improved clinically and had lost ten pounds in weight. She was 
then given eight electroconAUilsive treatments over a period of sixteen 
days; during the course of three of these treatments, studies of the eosin- 
ophihe cells showed a lesser decrease than after the administration of 
hormone (Table 2). She gained six pounds and was discharged clinicall^^ 
well after these treatments. 

’ This was Adrenocorticotropin, Lot G-59703, kindlj- supplied bj' Dr. John R. !Mote 
of the Armour Laboratories. 













THIOCYANATE GOITER WITH MYXEDEMA 

REPORT OF TWO CASES* 
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M.D.t and THOMAS H. COLEMAN, M.D.** 

From, the Thyroid Clinic of the Massaehusetts General Hospital, 

Boston, M assachusetts 

W ITH the use of the thiocyanates as therapeutic agents in the treat-, 
inent of hypertension, thiocyanate goiter iias been well established 
as an entity. The existence of clinical myxedema in association with 
thiocyanate goiter has been reported, Wald and associates (1) were among 
the first to report on the formation of a goiter and a decreased metabolic 
rate in patients receiving thiocyanates for hypertension. Foulger and Rose 
(2) reported one case in which a goiter and clinical signs of myxedema 
developed during the course of treatment with thiocyanate. In a case 
reported by Kobacher (3) myxedema developed, with classical physical 
findings and a basal metabolic rate of minus 30 per cent. Rawson and co- 
workers (4) reported two cases, both with goiters and both having levels 
of protein-bound blood iodine characteristic of myxedema. A biopsy speci- 
men from one patient was reported as revealing an extremely hyperplastic 
thyroid with marked papillary overgrowth. Potter (5), reporting on the 
pathology of two goiters (undoubtedly of thiocyanate origin) surgically 
removed, found brilliantly-staining colloid and no papillary infoldings into 
the acini. Preoperatively, one goiter was suspected of being carcinomatous 
and the other of being an acute swelling due to hemorrhage into an ade- 
noma. Motley’s (6) patient, to whom thiocyanate had been given for less 
than a year, had a goiter and a “general appearance quite suggestive of 
myxedema.” Fahlund (7) reported a painful enlargement of the thyroid 
gland as a manifestation of thiocyanate sensitivity. 

A study of the production of thyroid hj'^perplasia and some of the other 
abnormal thyroid changes which occur in rats made goitrous by thiocy- 
anates has been accomplished in several laboratories. Astwood (8) in- 
cluded thiocyanate with a large group of antithyroid drugs and reported 
its hyperplastic action on the thyroid. Rawson et al. (9) produced goiters 
in rats on an iodine-deficient diet followed by addition of potassium 
thiocyanate to the drinking water. Four hours before killing the rats, the 

Received for publication August 2, 1948. 
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blood pressure 170/100. The basal metabolic rate was minus 20 per cent four days after 
arrival on the ward. Routine urine and blood studies gave normal results. The blood 
cholesterol was 198 mg. per cent, NPN 26 mg. per cent, and total protein 6.6 Gm. per 
cent. An electrocardiogram revealed changes consistent with hypertensive and coronary 
artery heart disease. 

Investigation of the “nerve medicine” revealed it to be a proprietary drug containing 
sodium thiocyanate, 4 Gm. per 100 cubic centimeters. Calculations showed that the 
patient had taken between 0.2 and 0.6 Gm. daily for two and one-half years. A blood 
level equivalent to 5.5 mg. per cent of KSCN was found two weeks after the drug had 
been stopped. (Our laboratory reports all thiocyanate in blood as KSCN equivalents.) 

During seven days on the ward a definite decrease in the amount of periorbital edema 
was noted as well as a marked increase in the patient’s activity. A second protein-bound 
blood iodine taken on October 29, 1947, was 3.4 gamma per cent and a second radioactive 
iodine excretion was 30.4 per cent (Table 1). 

The patient was seen in the Thyroid Clinic on November 12, 1947, at which time he 
had no complaints other than slight cold intolerance. Only very slight periorbital edema 
remained, the speech seemed normal and the thyroid gland had decreased in size and 
was of firmer consistency. The basal metabolic rate was minus 13 per cent. 

Case 2: Mrs. H. A. MGH No. 430648, a 64-3’'ear-old white widow was referred on 
September 19, 1947, to the Thyroid Clinic from the Out-patient Department of the 
Massachusetts General Hospital because of a nodular goiter. 

She was first seen in the Medical Clinic in September 1943 with a nine-year history of 
hypertension. At this time, her blood pressure was 220/115. The blood cholesterol was 
275 mg. per cent and there was described a single 2-centimeter nodule in the right lobe 
of the thyroid. Phenobarbital was prescribed, and she was followed until February of the 
following year. 

She was next seen in the Medical Clinic in July 1947, where her mild cardiac decom- 
pensation responded to digitalis. Her blood pressure was 200/90. On August 12, without 
our knowledge, her private physician prescribed KSCN capsules, 0.2 Gm. daily. On 
August 18, the blood pressure was 175/75, the blood NPN was IS mg. per cent, the blood 
cholesterol 250 mg. per cent, and the blood counts and urinalysis were essentially normal. 

On September 19, she was referred to, the Thyroid Clinic for the first time. Her com- 
plaints were recent onset of deafness and intractable constipation. The basal metabolic 
rate was minus 11 per cent and the pulse rate 60. There were no other signs of hypo- 
thyroidism and the gland was essentially normal except for a 2-centimeter nodule in the 
lower right lobe. 

On November 5, 1947, she again returned to the Thyroid Clinic complaining of deaf- 
ness and intractable constipation. In addition to these, she had noted marked cold in- 
tolerance, absence of perspiration, and dryness of her skin. She presented, on physica 
examination, rather marked facial and periorbital edema, dry skin, and cold extremities. 
She was distinctly pale and abnormally hoarse. The palpable thyroid tissue was little 
changed from her first visit. A blood protein-bound iodine was 0.6 gamma per cent 
(Table 1). A diagnosis of early myxedema was made. At the time of this visit it was 
learned that she had been taking thiocyanate capsules. However, the patient stated that 
she had taken the capsules for only five weeks after they were first given to her in 
August, and that she had had none since her first visit to the Thyroid Clinic on Septem- 
ber 19. 

On November 20, a tracer of radioactive iodine was administered and 33 per cent was 
excreted in the urine. On November 22, a serum thiocyanate level was 4.9 mg. per cent 
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source of KSCN was removed and llicy were given radioactive iodine. 
The goiters produced by KSCN look np an average of SO per cent, and the 
control glands 50 per cent of this material. The anthor.s concluded that 
KSCN inhibited formation of the thyroid hormone, which resulted in 
hyperplasia of tlie thyroid and an increased avidity for iodine. On tlie otlier 
hand VanderLaan and Bissell (10) reported that the action of thiocyanate 
is one which prevents the uptake of iodine by the thyroid, but that this 
action can be overcome by giving an exce.ss of iodine. WolfT cl al. (11), 
i-eporting on this mechanism, found that as long as the blood level of 
KSCN remained high, the thyroid was prevented from taking np iodine. 
The high level of KSCN was shown by those investigators to exert this 
blocking effect both in vitro and in vivo. They concluded that there was 
rapid elimination of the KSCN from the blood, probably complete in 
twentj'-fonr hours, in the rat. They would explain Rawson’s re.sults on this 
basis, by saying that the KSCN blood level fell during the four hours the 
rats were not receiving the drug and iodine was able to enter the h 3 'per- 
plastic gland. 

CLIKICAL MATERIAL 

We are reporting two more patients who developed mj'xedema and 
goiters as the result of taking thiocj'anate. 

Cose 1 : J. H., MGH No. llS.'NtS, a ol-year-old white business man entered the Eye 
Clinic of the Massachusetts Eye and Ear Infirinarj- on September 9, 1947, complaining 
of puffy eyelids. A mild conjunctivitis was noted and treated. On a return visit, three 
weeks later, because he complained of persistent puffiness of the eyelids and enlargement 
of his neck, he was referred to the Medical Service of the Massachusetts General Hospital 
for study. 

On October 15, 1947, he was seen in the Thyroid Clinic where further history revealed 
cold intolerance, decreased perspiration, lassitude, and somnolence, and a gain in 
weight of S pounds during the preceding four to six months. He stated that he had been 
taking a liquid "nerve medicine” for the past two and one-half years because of high 
blood pressure. 

Physical examination, at this time, revealed a well developed, somewhat obese, jollj- 
male in no eGdent distress. The skin was warm and drj'. There was moderate periorbital 
edema without conjuncti'vitis, and examination of the fundi revealed minimal arterio- 
venous nicking. The tongue was wide and thick, the speech slow, and the voice of deep 
pitch. The thjToid gland was enlarged to 2 or 3 times normal size and was soft without 
nodules, bruit or thrill. The heart was of borderline size, the pulse rate was 60 and the 
blood pressure was 168/104. A smooth nontender liver edge was felt 2 finger breaths be- 
low the right costal margin. Laboratory data showed a basal metabolic rate of minus 38 
per cent, blood cholesterol 298 mg. per cent, protein-bound iodine 1.7 gamma per cent 
(normal 3.5 to 7), and a urinary excretion of radioactive iodine of 50 per cent (probably 
normal). The patient was instructed to stop taking the “nen^e medicine” at the time 
the radioiodine was started. 

He was admitted to the medical wards on October 24, 1947, with a diagnosis of m3'xe- 
dema with goiter. At this time the phj^sical examination was essentiallj' the same except 
that the face was ruddj' in color, the skin somewhat moist, the pulse rate SO, and the 
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Case 1 will return to normal as it did in Case 2, in which instance the gland 
required less iodine as it returned to the normal production of hormone. 
This production was reflected in the rising protein-bound iodine of the 
blood. 

The first patient did not develop myxedema until he had taken thio- 
cyanate for two years. The second patient developed myxedema after one 
month of thiocyanate therapy. The reason for this difference is not evident. 
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and the lilood protein-hound iodine had risen to 3.3 gamma per cent. On December 12, 
the blood iodine level was 4.3 gamma per cent, the urinary excretion of a second radio- 
active iodine tracer dose was 4S per cent, and a blood KSCN level was l.S mg. per cent. 

At the present time, five months after she was first seen in the Thyroid Clinic, she has 
none of the former symiitoms or .=igns of hyjiothyroidism and is subjectivelj' well. 


Taih.k 1 


Length 
. of time 

thiocy.nn.ntc 
^ .•Klmiuistcrcd 

Date 

thiocyanate 

omitted 

Date of 
labora- 
tory 
(lata 

Basal 

mctai)oIic 

rate 

% 

Proteiii- 

bound 

i)Iood 

iodine, 

gamma 

% 

Urinary 
excretion 
of radio- 
active 
iodine, 
(per cent 
of admin- 
istered 
dose) 

1 30 months 

10/15/47 

10/15/47 

-3S 

1 .7 

50 



10/2S/47 

-20 





10/29/47 


3.4 

30.4 



11/12/47 

-13 



2 5 weeks 

9/19/47 

9/19/47 

-11 





11/ 5/47 


0.6 




11/20/47 



33 



11/22/47 


3.3 




12/12/47 


4.3 

48 


DISCUSSION 

Two patients, during tliiocyanate treatment for hypertension, developed 
cUnical m3Tcedema with levels of basal metabolism and protein-bound 
blood iodine characteristic of this disease. After thioej’^anate therapj’’ was 
discontinued, the mjTtedema disappeared and the basal metabolic rate 
and the blood protein-bound iodine returned to normal. 

The uptake of radioactive iodine in the first case was at first normal, 
then high. Apparently the level of thiocjmnate in the blood was high enough 
to block partially the radioactive iodine uptake at the time of the first 
dose, but as the level fell, the depleted hyperplastic gland was able to take 
up iodine in larger quantities. It can be anticipated that iodine uptake in 
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second admission, nausea and vomiting had occurred without pain or heraatemesis. There 
had been recent constipation, but no hemorrhoids or melena. Marked weakness was re- 
ported. 

Physical examination: The patient was a well developed, fairly well nourished, white 
man who appeared acutely ill. He had a paroxysmal cough productive of bloody sputum. 
Extreme tenderness and pain accompanied movement of all extremities, particularly the 
left shoulder and arm. Positive findings in the mouth and throat were dental caries and 
enlarged tonsils. On examination of the chest there was tenderness of the nipples but no 
enlargement of the breasts. Breath sounds were decreased bilaterally but there were no 
rales or alteration of fremitus. The heart was normal in size, the sounds were clear, and 
the rate was 100 with irregular rliythm. An abdominal mass the size of an orange was 
palpable in the right upper quadrant laterally, with tenderness present over the mass and 
tenderness in the left lower quadrant near the ileum. No other organs or masses were 
palpable. The genitalia were normal in size and appearance. No blood or discharge could 
be expressed from the urethra, but the prostate was slightly enlarged and soft. A large 
soft fixed lymph node was palpable in the left axilla. Except for absence of the left 
triceps, biceps and wrist jerks, the neurologic findings were normal. 

X-ray and laboratory data: First admission (Mi. Smai Hospital):^ An x-ray picture of the 
chest was interpreted as showing a metastatic malignant lesion. An intravenous urogram 
demonstrated ptosis and slight enlargement of the left kidney. No additional information 
was obtained from cystoscopic examination, urine examination for acid-fast organisms, 
x-ray examination of the left shoulder girdle, left arm and gall bladder, gastro-intestinal 
series and barium enema. Bronchoscopy in August 1947 was reported as showing “a com- 
pression of the right lateral and posterior walls of the mid-trachea by an external mass 
which cut the lumen by one-third. The overlying mucous membrane was normal; other- 
wise the bronchoscopic findings were normal.” Bronchial secretion was devoid of acid- 
fast organisms and malignant cells. The Friedman test was reported positive August 18, 
and the positive finding confirmed on a second test. Study of urinary hormone output 
on September 2 showed the patient was excreting 50,000 mouse units of Prolan A per 100 
ml. of urine. 

Second admission {Philadelphia General Hospital): X-ray examination of the chest 
showed metastatic malignancy throughout. Additional x-ray studies revealed early meta- 
static lesions of the lower left humerus and an enlarged right kidney, but no evidence of 
metastases to the skull, vertebrae or pelvic bones. An intravenous pyelogram demon- 
strated impaired function of the left kidney and a large irregularity suggesting primary 
malignancy. The right kidney functioned normally. Blood studies revealed 2.78 million 
erythrocytes and 10,850 leukocytes. There were 77 per cent polymorphonuclear cells, 
21 per cent lymphocytes, 1 per cent monocytes and 1 per cent eosinophiles. Sugar was 
81 mg. per cent, urea nitrogen 14 mg. per cent, and total protein 6.0 Gm. per 100 ml. 
with an A/G ratio of 3.4: 2.6. The CO 2 combining power was 17.6 mEq. and Cl (NaCI) 
104.5 mEq. per liter. A Kline test was negative. Urinalysis showed a specific gravity 
ranging from 1.009 to 1.017. There was an occasional 1 plus albuminuria, and the sedi- 
ment showed 10 to 15 erythrocytes per high power field and many leukocytes. 

Course: In spite of treatment by bed rest, opiates for relief of severe pain, and an in- 
dwelling catheter, the patient followed a rapidly declining course with gradual onset of 
severe dyspnea, and died October 16, 1947. 


* I am indebted to Dr. D. Meranze for letting me use these data. 



ADRENAL CORTICAL CARCINOMA IN A MALE 
WITH EXCESS GONADOTROPIN IN 
THE URINE 

WALLACE L. CHAMBERS, jM.D. 

From the Philndclphia Gcvcral Hospital, Philadelphia, Pennsylvania 

T umors of the adrenal cortex with symptoms of hj-percorticoidism 
are infrequent (1-3). !Most of tlie cases reported presented masculini- 
zation (in females) or the adrenogenital syndrome (in males or females); 
a few showed evidence of feminization (in males) (4-12). Adrenal cortical 
tumors associated with excess gonadotropin seem to be exceedinglj' rare. A 
search through the literature revealed only one case (McFadzean) (13); 

The 29-yc:ir-ol(l piiticnt was admitted because of unexplained fever. He gave a histoiy 
of symptoinless breast enlargement of eighteen months’ duration, of weight gain of one 
year's duration, and of decreased sexual activitj’ and libido of six months’ duration. A 
large tumor mass was palpable in the upper left quadrant. The breasts were well de- 
veloped, the genit.alia were normal, and there was a slight feminine distribution of his 
hair. X-ray examination showed a soft tissue mass with displacement of the left kidney. 
The lungs were clear. Urinaiy estrogens or gonadotropins were not assayed, but a Fried- 
man test was positive. Twenty days after successful removal of the tumor, the Friedman 
test was found to be negative. Sexual interest and acti\'ity returned, and by the forty- 
third postoperative day the beard was thicker and periareolar hair had grown. The 
tumor was mostly encapsulated, multilobulated and weighed 1420 Gm. It showed fibrous 
cores, multiple hemorrhages and light gray areas, and one lobe resembled the “classical 
hypernephroma.’’ Microscopic examination reve.aled an adenocarcinoma, the structure 
resembling that of adrenal cortex with various types of nuclei and some vacuolization. 

As only one case was found in the literature, it seemed of interest to re- 
port another case in wliich both Friedman tests and gonadotropin assays 
were made. 


CASE REPOKT 

Present illness: The patient was a white male, 39 j'ears old at the time of his first hospital 
admission July 31, 1947. The presenting complaints were cough with hemoptysis, hema- 
turia occurring at the end of micturition, bloody ejaculation and continuous progressive 
pain in the left arm and both flanks. These complaints had developed over the preceding 
ten or eleven weeks. Diagnosis of metastatic malignancy was made, although the primary 
site was not discovered. The patient received deep x-ray therapy (8 series, 200 r) before 
his discharge on August 22. At the time of the second hospital admission in September 
1947, he stated that all sjunptoms had persisted and progressed in severity except the 
hematuria. In addition, the breasts had become sore. The flanks, which ached continu- 
ously were sore to the touch, and pain in the chest accompanied the productive cough. 
On being questioned, the patient stated that he had noted continuous right frontal 
headache and pain in the right eye, but no impairment of fusion. Eight da 3 's prior to the 
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contained a tumor mass approximately 12 cm. in diameter causing extension of this lobe 
down to the iliac crest. There was a small metastatic nodule near the diaphragmatic por- 
tion and several very small nodules throughout the inferior portion of the left lobe. The 
latter nodules were purplish in color, while the large mass in the right lobe was white. 
The remaining liver substance was pale brown and somewhat greasy. The portal venous 
system was normal. Gall bladder and bile ducts were normal. The pancreas contained 
several small tumor nodules within the body, each approximately 1 cm. in diameter. The 
duct appeared to be normal. The left adrenal appeared to be normal. The right was 
changed into a round, firm, 'well encapsulated ma.ss measuring 3 cm. in diameter. On cut 
section, it was homogeneously purplish in color and distinctly firm throughout. The 
th 3 ’-roid appeared to be normal. The distal end of the' left humerus "was completely sur- 



Fig. 2. Portion of tumor forming spaces lined with epithelial cells 
resembling chorion epithelium. Hematoxylin-eosin, X250. 

rounded by tumor tissue, similar to that described above. It was approximately 1 to 
1^ cm. thick in all areas around the distal end of the bone and appeared to replace the 
periosteum. The underlying bone was rough and irregular. The tendon of the triceps 
brachii was completel}'- replaced by this mass in its distal portion. The humerus was free 
below the condyles and below the mid-portion. On section, the tumor did not invade the 
bone at all, although the medullary substance was soft and of purple color. The remain- 
ing bones appeared to be normal. Brain and pituitary were not examined. 

Microscopic examination: In some places, such as the lungs (Fig. 1), the tumor formed 
solid sheets of large polygonal cells with large somewhat vesicular nuclei not unlike the 
cells of the adrenal cortex. There were occasional giant cells with large hyperchromatic 
nuclei. There were many mitotic figures. In other places, such as in the liver (Fig. 2), the 
tumor formed bizarrely shaped spaces often lined with large endothelial-like epithelial 
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Postmortem ciamination: Tlic body was tliat of an extremely cachectic white male. The 
distal end of the left arm was dilTuscly swollen. The breasts were grossly normal. The 
serous membranes were all smooth and glistening and no adhesions or fluid were found. 
The vessels were normal throughout. Tliere was no arteriosclerosis. The heart weighed 
2S0 Gm. It was flabby and showed slight dilatation of the left ventricle and marked 
dilatation of the right ventricle. The left lung weighed 1300 Gm., tlie right ISOO Gm. 
External surfaces were smooth, blackened and nodular. Throughout the parenchyma of 
each lobe hard, purplish white nodules, measuring aj)])roximatelj" 2 to 3 cm. in diameter, 
were found. The intervening lung tissue was congested. Bronchi and vessels were clear. 



Fig. 1. Portion of tumor forming solid sheets of polj-gonal cells including giant cells 
with large hyperchromatic nuclei. Hematoxjdin-eosin, X250. 

The spleen weighed SO Gm. The capsule was smooth. The consistencj^ was soft. The color 
was purplish. There was no e^ddence of tumor. The mesentery and mediastinal lymph 
nodes were enlarged and replaced bj^ tumor tissue. The external nodes were normal. The 
left kidney weighed 330 Gm., the right 180 Gm. The entire lower pole of the left kidney 
was replaced by a tumor mass, measuring 8 cm. in diameter. It was round with an irregu- 
lar surface, and on cut surface was white in color with streaks of purplish red. In the mid- 
portion of the left upper lobe, a firm, round nodule measuring approximately 2 cm. in 
diameter was found. It was purplish-red in color but did not show as mjich firm, white 
tissue as the one in the lower lobe. The remaining parenchyma was pale and somewhat 
cloudy. The right kidney contained several small purplish nodules measuring from 1 to 
2 cm. in diameter. Renal pelves were normal except for distortion b 3 ' tumor masses. The 
ureters were normal. The urinary bladder was not changed. Both testes were normal in 
siEe and consistencj'. The prostate was normal. The esophagus, stomach and bowel were 
not changed. The mesentery of the small bowel contained small metastatic nodules ap- 
proximatelj' 1 cm. in diameter, which were of the same consistency as the tumor tissue 
elsewhere. The liver weighed 2330 Gm. The interior and lateral portions of the right lobe 
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SUMMARY 

A case of adrenal cortical carcinoma in a man with excess gonadotropin 
excretion is reported. The patient excreted 50,000 mouse units of gonado- 
tropin per 100 ml. of urine and the Friedman test was positive. 
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cells rcscinbliii!; chorion cpitlicliuin. Tlic latter formed multimicleatcd giant cells in 
places. The stnall si)ace.s snrronnded hy tho.<c cells contained proto])lasinic debris and 
l)lasnia, while the large one.': contained erythrocyte.^ and leukocytes as well. These por- 
tions of the tumors, too, contained abundant mitotic figures. .-Ml tumors .showed more or 
less extensive necrosis. The one in the right adrenal gland was almost completely necrotic. 
There was little fat in the tumor cells except in the areas where they underwent necro.^is. 

The testes were somewhat atrophic. Si)crmatogcncsis was almost completely sup- 
pressed. The spleen showed chronic sjjlcnitis with a good many plasma cells and ecsino- 
jihiles. The lungs, liver and kidneys were markedly congested, and there was extensive 
central necrosis of the liver lobules. 

The. /inn/ diagnosis was carcinoma of the corte.x of the right adrenal with metastases 
to lymph nodes, lungs, liver, kidnej's, pancreas and left arm. Cause of death was repira- 
tory and circulatory failure. 


COMMENT 

The case of adrenal cortical carcinoma reported here resembled that of 
jMcFadzean’s (13) in that the patient was a male, and excess gonadotropin 
\\’as excreted in the urine ; it differed in that it showed no conxdncing e'V'i- 
dence of feminization. In tlie case of a male reported by Simpson and Joll 
(11) endocrine assays revealed excess estrogen excretion in the urine, but 
the Aschheim-Zondek test was negative, and no gonadotropin was demon- 
strable. These observations seem to show that adrenal cortical carcinomas 
may be associated with either exce.ss estrogen excretion or excess gonado- 
tropin excretion or both. 

The cellular sources of gonadotropins are generally believed to be the 
chorion epithelium of the placenta and the anterior lobe cells of the pitui- 
tary gland. In the case reported here, as in McFadzean’s case, we have no 
evidence that the gonadotropins were produced by either placental tissue 
or the pituitary gland. In our case, the histologic structure of the tumor 
resembled that of adrenal cortex in most places, though here and there 
the cells showed differentiation towards elements resembling chorion epi- 
thelium (Fig. 2). In McFadzean’s case, the Friedman test became nega- 
tive promptly after successful removal of the tumor; whereas in cases with 
excess hjT)ophyseal gonadotropin excretion secondary, for instance, to 
seminoma testis, successful treatment of the tumor is said not to cause a 
prompt fall in gonadotropin and the hormone continues to be excreted in 
the urine in excessive amounts for some time (13). Moreover, McCuUagh 
and Cuyler(14) reported a case of Cushing’s syndrome due to a pituitary 
adenoma in a woman with a positive reaction to the Friedman test. Her 
symptoms and the gonadotropin excretion all disappeared following de- 
nervation of both adrenals and right hemiadrenalectomy, without therapj' ■ 
to the pituitary gland. These observations seem to indicate that the ad- 
renals may be instrumental in the elaboration of gonadotropic hormones. 
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SUMMARY 

A case of adrenal cortical carcinoma in a man with excess gonadotropin 
excretion is reported. The patient excreted 50,000 mouse units of gonado- 
tropin per 100 ml. of urine and the Friedman test was positive. 
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GYNECOMASTIA IN PARAPLEGIC MALES 

REPORT OF SEVEN CASES 

IRVING S. COOPER, AI.D.* and THOMAS 1. HOEN, M.D. 

Uniird Stales Xaval Hospital, St. Albans, Nctc York 

T he authors wish to report 7 eases of gynecomastia occurring in para- 
plegic males. These cases are believed to be significant for the follow- 
ing reasons: 1) Out of 32 paraplegic patients on our ward at one time, these 
7, or 22 per cent of the paraplegic patients at that time under our observa- 
tion, showed gynecomastia. 2) All of these patients were young males of 
military age, and all were paraplegic due to traumatic injuries of the 
spinal cord. 3) The physiologic implications of this syndrome may be of 
practical value as well as academic significance. 

Our attention was first called to this unusual syndrome by the patients 
on the paraplegic ward who had singled out one of their number by refer- 
ring to him as “Alae West.” It was then apparent to us that this patient 
had developed a bilateral enlargement of both breasts, and, in a survey 
of the 32 patients on the ward at that time, 7 of the patients proved to 
have either bilateral or unilateral gjmecomastia. Several stated that the 
enlarged breast was tender, and a few of the patients who did not show’ evi- 
dence of gynecomastia at that time believed that they had had enlarged 
breasts at some time during their illness. 

Gjmecomastia has been reported in many diverse clinical entities. In 1944 
Webster (1) reported that in the j’ears 1939 through 1941, from 6.9 to 
8.69 otherwise normal males out of every 100,000 men entering the na'v’^'' 
showed g)Tiecomastia. Our incidence of 22 per cent in this series of para- 
plegics, contrasted to 8 per 100,000 in normal males of the same age group, 
w’ould appear to be striking^ significant. The finding of gjmecomastia in 
liver disease, particularly’ cirrhosis, is a well documented observation (2). 
It has also been reported as a consequence of desoxycorticosterone acetate 
(DOGA) therapy in both mice (3) and humans (4), in Addison’s disease 
(5), in -vitamin deficiency (6), in a case of choriocarcinoma of the testis 
(7), in a man with bilaterally undescended testes (8), in a case of extra- 
genital chorionepithelioma (9), and in other diverse disease entities. At 
first glance, an etiologic common denominator underlying these various 
disease states wloich have been reported as being instrumental in producing 
gymecomastia, is not apparent. Ho-wever, there are several endocrinologic 
factors -w’hich most of the reported cases might conceivably have in com- 
mon. 
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Edmonson, Glass, and Soil (2) have demonstrated the fact that the de- 
generation of the liver parenchyma causes an excess of estrogen in the sys- 
temic circulation, and thus suggest an endocrinologic basis for the breast 
hypertrophy in cases of liver disease. Klinefelter, Reifenstein, and Al- 
bright (10) reported a syndrome characterized by gynecomastia, asperma- 
togenesis without a-lej'^digism, and increased urinary excretion of F.S.H. 
(follicle stimulating hormone). In these cases the testes were small, meas- 
uring about 1.5 X 1.0x0. 5 cm., the urinary 17-ketosteroid levels varied 
from relatively normal to definitely subnormal, and the testicular biopsy 

revealed primarily a hyalinization of 
the tubules. This syndrome has also 
been reported by Bettinger and Rob- 
inson (11), and more fully by Heller 
and Nelson (12). Klatser, Salter and 
Humm (13) reviewed very carefully 
48 cases of gynecomastia occurring 
among prisoners of war who had been 
suffering from malnutrition. Their 
clinical studies revealed abnormalities 
of both the liver and the genitalia in 
these patients. The same authors (14) 
reported that these patients suffering 
from malnutrition, and demonstrat- 
ing gynecomastia, were found to have 
significantly lowered 17-ketosteroid 
levels in the urine. HoAvever, urinary 
estrogen values were in the low nor- 
mal range, the cortin levels were nor- 
mal, and there was no apparent in- 
crease in the urinary titer of F.S.H. 
Therefore, at this time, there is no 
clear cut, general interpretation of all 
of the endocrinologic factors in the pathogenesis of gynecomastia. These 
cases of gynecomastia in paraplegics may serve to add another link in the 
chain of information leading to an understanding of this entity. 

CASE REPORTS 

Case I. W.E.M., a 20-year-old private in the Marine Corps, was injured in April 1945, 
with a resultant paraplegia below the level of the twelfth thoracic dermatome. He had 
lost 75 pounds during the subsequent four months but by May 1946, had returned to his 
normal weight. Bilateral gynecomastia was first noted in May 1946 (Fig. 1). 

Case II. J.S., a 39'year-old chief carpenter’s mate in the Navy, was paraplegic below 



Fig. 1. 
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Edmonson, Glass, and Soil (2) have demonstrated the fact that the de- 
generation of the liver parenchyma causes an excess of estrogen in the sys- 
temic circulation, and thus suggest an endocrinologic basis for the breast 
hypertrophy in cases of liver disease. Klinefelter, Reifenstein, and Al- 
bright (10) reported a syndrome characterized by gynecomastia, asperma- 
togenesis without a-leydigism, and increased urinary excretion of F.S.H. 
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revealed primarily a hyalinization of 
the tubules. This syndrome has also 
been reported by Bettinger and Rob- 
inson (11), and more fully by Heller 
and Nelson (12). Klatser, Salter and 
Humm (13) reviewed very carefully 
48 cases of gynecomastia occurring 
among prisoners of war who had been 
suffering from malnutrition. Their 
clinical studies revealed abnormalities 
of both the liver and the genitalia in 
these patients. The same authors (14) 
reported that these patients suffering 
from malnutrition, and demonstrat- 
ing gynecomastia, were found to have 
significantly lowered 17-ketosteroid 
levels in the urine. However, urinary 
estrogen values were in the low nor- 
mal range, the cortin levels were nor- 
mal, and there was no apparent in- 
crease in the urinary titer of F.S.H. 
Therefore, at this time, there is no 
clear cut, general interpretation of all 
of the endocrinologic factors in the pathogenesis of gynecomastia. These 
cases of gynecomastia in paraplegics may serve to add another link in the 
chain of information leading to an understanding of this entity. 

CASE REPORTS 

Case I. W.E.M., a 20-year-old private in the Marine Corps, was injured in April 1945, 
with a resultant paraplegia below the level of the twelfth thoracic dermatome. He had 
lost 75 pounds during the subsequent four months but by May 1946, had returned to his 
normal weight. Bilateral gynecomastia was first noted in May 1946 (Fig. 1). 

Case II. J.S., a 39-year-old chief carpenter’s mate in the Navy, was paraplegic below 



Fig. 1. 
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the level of the first lumbar segment as a result of a fracture dislocation of the vertebral 
column incurred in a fall. Bilateral gynecomastia appeared approximately eighteen 
months following the injury. Incidentally, the patient had had his left testis surgically 
removed because of a tumor therein. This operation took place overseas during the war, 
and no ])athologic report was obtainable. 

Case HI. W'.W., a 22-year-old corporal in the Marine Corps, was rendered paraplegic 
by shra])ncl wounds of the spinal cord. A iinilatend (left) gj’nccomastia was observed 
fourteen months later. The patient could not state how long this breast had been en- 
larged. 

Case IV. A. W., a 26-ycar-old Marine private, was paraplegic below the ninth thoracic 
segment as a result of a shrapnel wound of the spinal cord. Bilateral gj'nccomastia ap- 
peared approximately ten months following the injurj- and had been present for three 
months at the time of observation. 

Case 1'. T.R.K., a 19-year-old private in the Marine Corps, was paraplegic below the 
sixth thoracic segment as a result of a bullet wound of the spinal cord. Unilateral (left) 
gynecomastia was first noted fifteen months after the injurj-. 

Case VI. W.Y'., a 22-j-ear-old seaman second class in the Na'vj', was rendered para- 
plegic from wounds received from machine gun bullets. A unilateral (left) gj-necomastia 
was noted approximately sixteen months following this injurj-. This patient had a recur- 
rent left epididymitis as a result of infection from an indwelling urethral catheter. 

Case VII. E.S., Jr., a sergeant in the Marine Corps, had complete motor and sensorj- 
loss below the si.xth thoracic dermatome, following a motor vehicle accident in w-hich he 
incurred a compression fracture of several thoracic vertebrae. A bilateral gj-necomastia 
was noted twenty months after this injurj-. 

Y'e were able to obtain single F.S.H. studies on the urine of patients II, IV, and VI. 
In cases II and VI there was a positive reaction for 96 mouse units in a twentj--four hour 
specimen, this being a pathologicallj- significant elevation of F.S.H. Measurements of 
the testes of all 7 patients were in the low normal range. Onlj- 1 of the 7 was able to have 
ejaculation of semen, and this was free of motile sperm. In onlj- 1 of these cases was 
malnutrition considered to have been a prominent feature, and 2 of the cases showed 
testicular pathologic processes, as noted in cases II and 'IT above. 

Possible Pathogenesis of Gynecomastia in Paraplegics 

At this time jve can do no more than suggest certain hj^jotheses for the 
pathogenesis of the breast hypertrophy occurring in these paraplegics. 
Although the testicular measurements were jvithin low normal limits, it 
is possible that these cases would fall into the same category as those de- 
scribed by Klinefelter, Reifenstein, and Albright. In 2 of the 3 cases in 
which urinary F.S.H. titers were obtained, there was a significant elevation 
of this gonadotropin. In only 1 of the 7 patients was there the power of 
ejaculation. None of these patients was ^filling to submit to biops^*^ of the 
testis. (All of these patients were engaging in autistic thinking as regards 
the return of sexual capacity and were unwilling to allow any procedure 
which might conceivably damage the sexual organs.) Thus it is seen that 
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at least 2 of these patients showed gynecomastia, aspermatogenesis, and 
increased F.S.H. excretion. It is not unlikely that further studies on similar 
patients may reveal these patients to be examples of the Khnefelter-Rei- 
fenstein-Albright syndrome secondary to traumatic lesions of the spinal 
cord. 

Salter, Klatskin, and Humm (14) suggested that an involvement of the 
pituitary-gonadic axis might be the cause of the gynecomastia seen in 
prisoners of war suffering from malnutrition. It is possible that such an 
involvement may have caused the gynecomastia in our paraplegic patients. 
Selye (15) has demonstrated the degenerative changes that occur in the 
anterior lobe of the pituitary gland in the diseases which act as stimuli for 
the alarm or adaptation reaction. Spinal cord ti’ansection is one of the 
many stimuli which may produce the alarm reaction (16). Certain it is 
that these war- wounded paraplegics are subjects in whom the adaptation 
syndrome may well be expected to follow the severe trauma incurred. The 
secondary endocrinologic changes which may follow hypopituitarism are 
hypothyroidism, hypofunction of the adrenal cortex, and h 3 T>ogonadisra 
(17). It is not unlikely that the adaptation syndrome, with its consequent 
hypopituitarism, might be instrumental in bringing about hypogonadism, 
and thereby contribute to the pathogenesis of gynecomastia in paraplegia 
due to traumatic injuries of the spinal cord. 

SUMMARY 

1. Seven cases of gjmecomastia occurring in young paraplegic males are 
presented. Four of these patients had bilateral breast hypertrophy and 
three had unilateral (left) gynecomastia. 

2. Some of the theoretical considerations regarding the pathogenesis of 
gynecomastia in these cases have been presented. 
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the level of the first lumbar segment as a result of a fracture dislocation of the vertebral 
column incurred in a fall. Bilateral gynecomastia appeared approximately eighteen 
months following the injury. Incidentally, the patient had had his left testis surgically 
removed because of a tumor therein. This operation took place overseas during the war, 
and no ])athologic report was obtainable. 

Cacc III. W.W., a 22-ycar-old corpor.al in the Marine Corps, was rendered paraplegic 
by shrapnel wounds of the E])inal cord. A unilateral (left) gynecomastia was observed 
fourteen months later. The patient could not state how long this breast had been en- 
larged. 

Case IV. A. W., a 2G-ycar-old Marine private, was paraplegic below the ninth thoracic 
segment as a result of a shrapnel wound of the spinal cord. Bilateral gjmecomastia ap- 
peared approximately ten months following the injury and had been present for three 
months at the time of observation. 

Case E. T.R.K., a 19-ycar-old private in the Marine Corps, was paraplegic below the 
sixth thoracic segment as a result of a bullet wound of the spinal cord. Unilateral (left) 
gynecomastia was first noted fifteen months after the injury. 

Case I’7. W.'W., a 22-ycar-old seaman second class in the Xa\y, was rendered para- 
plegic from wounds received from machine gun bullets. A unilateral (left) gj-necomastia 
was noted approximately sixteen months following this injurj’. This patient had a recur- 
rent left epididymitis as a result of infection from an indwelling urethral catheter. 

Case VII. E.S., Jr., a sergeant in the Alarine Corps, had complete motor and sensorj' 
loss below the sixth thoracic dermatome, following a motor vehicle accident in which he 
incurred a compression fracture of several thoracic vertebrae. A bilateral gjmecomastia 
was noted twenty months after this injurj'. 

We were able to obtain single F.S.H. studies on the urine of patients II, lY, and ^T. 
In cases II and YI there was a positive reaction for 96 mouse units in a twenty-four hour 
specimen, this being a pathologicalh' significant elevation of F.S.H. Measurements of 
the testes of all 7 patients were in the low normal range. Onlj' 1 of the 7 was able to have 
ejaculation of semen, and this was free of motile sperm. In onlj' 1 of these cases was 
malnutrition considered to have been a prominent feature, and 2 of the cases showed 
testicular pathologic processes, as noted in cases II and YI above, 

Possible Pathogenesis of Gynecomastia in Paraplegics 

At this time we can do no more than suggest certain hypotheses for the 
pathogenesis of the breast hypertrophy occurring in these paraplegics. 
Although the testicular measurements were ■nrithin low normal limits, it 
is possible that these cases would fall into the same category as those de- 
scribed by Klinefelter, Reifenstein, and Albright. In 2 of the 3 cases in 
which urinary F.S.H. titers were obtained, there was a significant elevation 
of this gonadotropin. In only 1 of the 7 patients was there the power of 
ejaculation. None of these patients was willing to submit to biopsy of the 
testis. (All of these patients were engaging in autistic thinking as regards 
the retm-n of sexual capacity and were unwilling to allow any procedure 
which might conceivably damage the sexual organs.) Thus it is seen that 



THE USE OF BISMUTH SALTS IN THE 
TREATMENT OF SPORADIC GOITERS 

MANUEL VILLA VERDE, M.D.* 

T he therapy of simple goiter is practically limited nowadays to the 
use of iodine or desiccated thyroid and, finally, to surgical removal 
for cosmetic reasons. The purpose of this communication is to call atten- 
tion to observations on another method which may conceivably prove to 
be of some value. 

While treating some patients with bismuth salts in the routine treatment 
for syphilis, it was noted that a goiter, an incidental finding, was noticeably 
reduced in size during the treatment. Following this observation, a number 
of patients with goiter but without syphilis were deliberately treated with 
bismuth salts. In some instances there was a striking reduction in size, al- 
most to normality. These results have been published in a preliminary re- 
port.^ 

No data having direct bearing on this subject could be found in the medi- 
cal literature. The excellent studies on bismuth, of Sollman and coworkers, 
did not mention possible actions of bismuth on the thyroid ; but since this 
gland has a large vascular supply, it may be that the amount present 
in the blood represents the amount in the gland. Bismuth is stored princi- 
pally in the kidneys, in the amount of 3.33 mg. of bismuth per 100 Gm. of 
fresh tissue; the figure for the liver is 0.68 mg. and for the blood, 0.05 mg. 

A long-standing enlargement of the thyroid which is symmetrical and 
firm and does not produce symptoms of hyperfunction, is very suggestive 
of simple goiter, particularly when this condition occurs also in other mem- 
bers of the family. Nodular enlargement may or may not be adenoma, 
because these irregular masses can also be in the nature of a simple goiter. 
Clinically, it is not very important to differentiate simple from nodular 
goiter, for both lack hyperfunction and their harm is merely local; yet both 
can assume hyperfunction in some instances, and both can disappear spon- 
taneously. 

MATEEIAL AND METHODS 

The treatment at first was confined to the simple and nodular goiters 
and later it was extended to include other thyroid conditions including hy- 
perthyroidism. In these latter instances, the bismuth therapy invariably 
appeared to have no effect on the hyperthyroidism, but when this condition 
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was controller! with thiouracil, the bismuth therapy was then followed by a 
reduction of the size of the gland to normality in two cases. It failed under 
similar conditions in one other case. 

The patients in this series had moderatch' enlarged thyroids which, ex- 
cept in one instance, did not produce local distress. Most of the cases were 
considered to be simple goiter, although some had nodular enlargement and 
in the latter part of the scries some patients with In-perfunction were also 
treated. 

TIicrapii: The bismuth salts commonly used in the treatment of syphilis 
were employed, the .'subsalicylate and heptadiencarbonate being the most 
frequently used.- The patients were given 1 or 2 injections weekly, with a 
total of 20 injections in each series. There were intermi.'s.sions of from two to 
four weeks between series. The injections were made into the gluteal region, 
and routine precautions against toxic reactions were taken, the gums and 
local area being inspected carefully and frequently. 

Although no mea.surements of the tln’roid were made, the enlargement 
was carefully estimated, and only when a striking decrease in the size of 
the gland was evident was a result set down as positive. 

RESULTS 

The results are listed in Table 1, which is for the most part self-explana- 
tory. 

In the following paragraphs are mentioned some of the salient features 
of the various cases: 

There were 10 cases of diffuse simple goiter. The only males were No. 1 
and A*o. 15. The former had been treated with arsenic and bismuth for a 
sjqjhilitic chancre but he had never shown positive findings in the blood. 
Two years after the treatment was discontinued his thjToid remained nor- 
mal in size. 

Case No. 3 showed hjqierthjToidisni with a very effective reaction to 
bismuth. 

Case i\o. 4 showed very rapid improvement, the gland reacliing normal 
size after 15 injections. 

Case No. 5 was one of sjqjhilis in which a goiter developed after anti- 
luetic therapy; she also had hjq^ertension. 

Case No. 9. The patient failed to improve with bismuth; she ultimateh’’ 
developed tuberculosis after ha\’ing had a severe bout of hj’perthjToidism 
which improved with thiouracil. 

- Bismuth subsalicylate {Stahisol, Squibb); Bi., 0.13 Gm. Xcc. (1 cc. once a week or 
5 cc. twice a week). 

Bismuth heptadiencarbonate {Medohis, Chinoin): Bi., 0.045 Gm. xj cc. (§ cc. 
twice a week). 
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function. The bismuth therapy was given in series of injections in accord- 
ance with the common practice in the treatment of syphilis, and was par- 
ticularly successful when two or more series of injections were given. When 
hyperthyroidism -was present, the therapy did not appear to alter the state 
of hyperfunction, but when this condition was controlled prior to the bis- 
muth therapy, this treatment appeared then to reduce the gland to normal 
size. Fifty per cent of the cases of simple or nodular goiter showed great 
improvement; 20 per cent showed slight improvement and 30 per cent 
failed to improve. 
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Case No. 10 was one in which there was no improvement with two series 
of treatment. The patient is now in the conrsc of the third treatment. 
Siie shows an anxiety neurosis and a mild liyperostosis frontalis interna. 

The next 6 ea.ses {Nos. 11~1G) arc of nodular goiter. 

Case No. 12 is noteworthy because of the success of bismuth therapy 
after tiie failure of iodine. 

Case No. IS. The patient showed improvement after 40 injections. Treat- 
ment was then discontinued and during the following ten months her goiter 
showed renewed growtii. She later developed hyperthyroidism. 

Case No. IJf was one in which the goiter was associated with discomfort 
on swallowing. Following two series of treatments there was some decrease 
in size sufficient to cause the discomfort to disappear. 

Cases No. 17 and IS showed failure of bismuth therapy in Graves’ 
disease. 


DISCUSSION 

There were good results in about 70 per cent of the cases treated and in 
50 per cent of the cases the results were excellent; in some it was successful 
even when iodine had failed. Thus, of the 10 patients with diffuse goiter, 6 
showed great improvement, 2 showed slight improvement, and treatment 
failed in 3 instances. 

Among the 6 cases of nodular goiter, 3 showed great improvement, 1 
improved only slightly, and 2 failed to improve. 

In the 16 cases treated, 50 per cent showed great improvement, 19 per 
cent sbght improvement, and 31 per cent failed to improve. 

The duration of the treatment appeared to be important, for although 1 
case was restored to normal before 15 injections were given, in the majority 
of the cases two series of treatments were necessa^ 3 ^ The onl}’- 2 patients 
who received tliree series of injections showed great improvement. The 
following table indicates the dispersion of the cases with respect to the 
number of series of treatments: 

Improvement according to the number of series of injections 

One series Two series Three series 

Improvement: Great Slight None Great Slight None Great Slight None 
No. of cases: 112523200 

SIJMJIARY 

Bismuth salts, the subsalicylate and the heptadiencarbonate such as are 
used in the therapj’’ of sj^ihilis, have been applied to the treatment of both 
diffuse and nodular goiter. In these cases the metallic ion seems to act upon 
the structure of the gland to reduce its size. It does not appear to alter its 
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3. Studies on an Anti-Diuretic, Non Chloruretic Substance Extracted from Urines of 
Normal and Cirrhotic Subjects. By Elaine P. Ralli, Stephen Leslie (by invitation), 
George H. Stueck, Jr. (by invitation) Mary E. Dumm and Bertram Laken (by invita- 
tion) . 

4. A Method for the Assay of Prolactin in Human Urine. By Richard L. Coppedge 
(by invitation) and Albert Segaloff. 

5. Thyrotrophic and Thyroid Hormone Assay of Normal and Pathologic Human 
Sera in the Stasis Tadpole. By S. A. D’Angelo, A. S. Gordon, K. E. Paschkis and A. 
Cantarow. 

6. Estimation of Urinary Gonadotrophin of the Non-pregnant Human by the Mouse 
Uterine Weight and Ovarian Hyperemia Responses. By Charles W. Lloyd, Muriel 
Morley (by invitation), Kathiyn Morrow (by invitation), Julia Lobotsky (by invitation) 
and Edward C. Hughes (by invitation). 

7. Further Studies of Antigonadotrophin Formation in Man. By James H. Leathern 
and A. E. Rakoff. 

S. The Evaluation of the Use of Anterior Pituitary Extract in the Treatment of 
Pituitary Dwarfism. By Joseph C. Edwards, Cecil M. Charles (by invitation) and Cyril 
M. MacBryde. 

9. On the Inability of Adrenocorticotrophic Hormone or Epinephrine to Deplete the 
Ascorbic Acid of the Chick Adrenal. By Norman F. Boas (by invitation) and Joseph W. 
Jailer. 

10. Regulation of Pituitary Adrenocorticotrophic Activity by Adrenal Cortical Hor- 
mones. By Chi-Ping Cheng (introduced by George Sayers). 

11. Adequacy of Pituitary Adrenocorticotrophic Function in Nutritional Deficiencies. 
By George Sayers. 

12. Effects of Prolonged Adrenal Cortical Stimulation upon Free and Esterified 
Serum Cholesterol in Normal Men. By Jerome W. Conn and William C. Vogel (by in- 
vitation) . 

13. Possible Involvement of the Adrenal Cortex and Thyroid in Mobilization of Fat 
to the Liver, By Louis Levin. 


FRIDAY, JUNE 3, 1949 
2:00 p.m. — J. S. L. Browne, presiding 

14. Stimulation of Nitrogen bj'’ Adrenal Cortical Extract during Insulin Hypogly- 
cemia. By Frank L. Engel. 

15. Renal Function in Normal and Adrenalectomized Rats following Saline or 
Adrenal Steroid Administration. By W. R. Boss (by invitation) James H. Birine and 
Robert Gaunt. 

16. Adrenal Cortical Hormone in Blood. By K. E. Paschkis, A. Cantarow and D. 
Boyle (by invitation). 

17. Urinary Corticoids. By Eleanor H. Venning, M. P. Ripstein (by invitation) and 
V. E. Kazmin (by invitation). 

18. Studies on the Interrelationship of Adrenal and Thyroid Function. By Robert S, 
Reiss, Peter H. Forsham (by invitation) and George W. Thorn. 

19. Clinical and Metabolic Changes in Addison’s Disease Following the Administra- 
tion of Compound E Acetate (11-dehydro, 17-hydroxy-corticosterone acetate). By P- H- 
Forsham (by invitation), L. L. Bennett (by invitation), M. Roche (by invitation), 
R. S. Reiss, A. Slessor (by invitation), E. B. Flink (by invitation) and G. W. Thorn. 

20. Effect of a Single Dose of Desoxycorticosterone Acetate on Electrolyte Metabo- 



Tte 1949 Meeting of tke Association 
for tlie Study of Internal Secretions 


Friday and Saturday, Juxe 3 ^vxd 4 

Headquarters: Chalfonte-Hadclon Hall, Atlantic City, New Jersey. 

Ecgislradou: Everj'one attending the meetings is requested to register. 
A fee of Sl.OO will be charged non-members of the Association. oMember- 
ship cards should be presented when registering. 

The Scientific Sessions: The Scientific sessions will be held in the Viking 
Room of the Haddon Hall Hotel and programs will begin promptly on 
schedule. Papers presented at all meetings are planned for ten minutes, 
unless otherndse noted, and owing to the hea^'j" schedule must be kept 
within this limit. Manuscripts of all papers should be submitted to the 
presiding officer or Secretary-Treasurer at the end of the presentation. 

Annual Dinner: The Annual Dinner of the Association will be held on 
Friday evening, June 3, at 7 : 30 o’clock in the Rutland Room of the Had- 
don Hall, preceded by cocktails at 6:30 o’clock in the West Room. Secure 
tickets at time of registration. 

Council Meetings: There will be a meeting of the Council on Thursday 
afternoon, June 2, at 2:00 o’clock, and a luncheon meeting on Frida}’^, 
June 3. 

Business Meeting: The Annual Business Meeting of the Association and 
Election of Officers will be held at 4:30 p.m., June 4, in the Viking Room 
of the Haddon Hall. 

Local Arrangements: Dr. Matthew Molitch, 705 Pacific Avenue, At- 
lantic City, New Jersej*^, is in charge of the local arrangements for the 
meetings. 

Secretary-Treasurer: Henry H. Turner, 1200 North Walker Street, 
Oklahoma City 3, Oklahoma. 


PROGRAM 

FRIDAY, JUNE 3, 1949 
9:15 a.m. — C, N. H. Long, presiding 

1. Piperido-methyl-benzodioxane (933-F): Some Pharmacological and Experimental 
Observations. By Evan Calkins (by invitation), George W. Dana (by in^dtation), J. C. 
Seed (by invitation) and John Eager Howard. 

2. Nor-Epinephrine in Adrenal Medulla. By Marcel Goldenberg and Mogens Faber 
(introduced by R. F. Loeb). 
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37. Hormonal Factors Producing the Gametokinetic Response in the Male Frog 
(Rana Pipiens). By Robert B. Grcenblatt, Sarah Clark (by invitation) and R. M. West 
(by invitation). 

38. Action of Estrogens on Release of Luteinizing Hormone in Menopausal Women. 
By Arthur A. Hellbaum, J. W. Funnell (by invitation) and E. C. Keaty (by invitation). 

39. The Hormonal Pattern in Pseudocj^esis. By A. E. Rakoff and Paul H. Fried (by 
invitation). 

40. Management of Threatened Abortion in the Human with Large Doses of Prethyl- ■ 
still)estroI. By A. B. Abarbanel. 

SATURDAY, JUNE 4, 1949 
2:00 p.m. — C. H. Best, presiding 
Joint Meeting toith The American Diabetes Association 

41. A Hyperglj''ceinic Factor Extracted from the Pancreas. 10 mins. By I. J. Pincus 
(introduced by A. E. Rakoff). 

42. Studies in Carbohydrate Metabolism in Decerebrate Rats. 10 mins. By Evelyn 
Anderson and Webb Hay'^maker (by*' invitation). 

43. Factors Affecting the Volume of the Islands of Langerhans. 15 mins. By R. E. 
Haist, Margaret Evans and B. Kinash (introduced by C. H. Best). 

44. Studies on the Serum Potassium in Diabetic Acidosis. 15 mins. By Carl S. Nadler, 
Samuel Bellett and Mary'- Banning (introduced by"- C. H. Best). 

45. Py'-ruvie and Citric Acid Metabolism. 15 mins. By Max Miller and Ernest Bued- 
ing (introduced by C. H. Best). 

40. Changes in Inorganic Serum Phosphorus during the Intravenous Glucose Toler- 
ance Test as an Adjunct to the Diagnosis of Early Diabetes Mellitus. 15 mins. By Peter 
H. Forsham (by invitation), Marcel Roche (by invitation) and G. W. Thorn. 

47. The Metabolism of Glucose and Galactose when Administered Simultaneously to 
Man. 10 mins. By'- G. C. Walsh (by invitation), M. M. Hoffman, H. T. McAlpine (by 
invitation) and E. H. Mason (by invitation). 

48. Studies in Fat Metabolism. 1. Steroid Hormonal Effects Upon Blood Ketones and 
Other Intermediate Products of Fat and Protein Catabolism. 10 mins. By Laurance W. 
Kinsell, Sheldon Margen (by invitation), George D. Michaels (by invitation), Betty T. 
Signorotti (by invitation) and David P. McCallie (by invitation). 

49. The Urinary Excretion of Corticosteroids in Diabetic Acidosis. 10 mins. By 
Janet "W. McArthur, Randall G. Sprague and Harold L. Mason. 

50. Steroid Diabetes Associated with Cushing’s Syndrome and Excretion of 17- 
Hydroxycorticosterone (Compound F) in Urine; Metabolic Studies. 10 mins. By Randall 
G. Sprague, Alvin B.'Hayles (by invitation), Harold L. Mason, Marschelle H. Power (by- 
invitation) and Warren A. Bennett (by invitation). 

51. Behavior of Electrolytes During Treatment of Diabetic Keto-Acidosis. 10 mins. 
By Jonas AVeissberg, (by invitation), Thomas H. McGavack, A. M. Shearman (by in- 
vitation) and I. J. Drekter. 

TO BE READ BY TITLE 

52. Correlation of Vaginal Smears and Endometrial Biopsies in Normal Cycles and 
in Gynecic Disorders. By H. E. Nieburgs, Robert B. Greenblatt and S. Bamford (by 
invitation). 

53. The Effect of Pteroylglutamic Acid Antagonists on the Response of the Repro- 
ductive Accessories of C57 Male Mice to Testosterone. By E. D. Goldsmith, H. M. 
Black (by invitation) and R. F. Nigrelli (by invitation). 
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lisni. By Paul Fourman (by invitation), Edwin J. Kepler, Edward C. Reifenstein, Jr. 
and Eleanor F. Dempsey (by invitation). 

21. Changes in Urinary Steroids Produced by Sodium Deprivation and by Dcsoxy- 
corticosterone Acetate Administration. By William H. Daughaday (by invitation) and 
Cyril M. AlacBryde. 

22. The Evaluation of Adrenocortical Function by Ascertaining the Reponse to a 
Single Injection of Adrenocorticotrophin. By II. \V. McIntosh (by invitation), B. Singer 
(by invitation) and M. M. Hoffman. 

23. The Level of Circulating Eosinophils as an Indicator of Adrenal Cortical Ade- 
quacy Following Major Surgery. By Alarccl Roche (by invitation), A. Gorman Hills (by 
invitation) and George \V. Thorn. 

24. Is the Protein Metabolic Abnormality of Cushing’s Syndrome Catabolic or Anti- 
Anabolic? By Sheldon Margen (by in\'itation), Laurence W. Kinscll, Erin K. Flanagan 
(by invitation), Lila E. Suiter (by invitation) and Elliot Rapaport (by invitation). 

25. Hypokaliemic Alkalosis in Cushing’s Syndrome. Observations on the Effects of 
Potassium Chloride and Testosterone Proprionatc Therapj'. By Robert Teabeaut (by 
invitation), Frank L. Engel and Haywood M. Taylor (by invitation). 

26. The Mechanism of Action of Testosterone in the Therapj' of Cushing’s Sj'ndrome. 
Bj' Frederick C. Barttcr (by in\'itation), Anne P. Forbes, William M. Jefferies, Evelj'n 
L. Carroll (bj' invitation) and Fuller Albright. 

S.ATURDAY, JUNE 4, 1949 
9:00 a.m. — E. A. Doisj', presiding 

27. Metabolism and Distribution of Thiourea in the Rat as measured with Radio- 
active Sulfur. Bj' John Schulman, Jr. and Richard P. Keating (introduced bj' Rulon W. 
Rawson). 

2S. The Tracer Technique with Radioiodine I”* as a Potential Substitute for the 
Basal Metabolic Rate Determination in Routine Clinical Practice. Bj' Sidnej' C. 
Werner. 

29. The Distribution and Metabolism of Circulating Testosterone. Bj' C. D. West 
and L. T. Samuels. 

30. Pseudo-hj'poparathj-roidism: A Report of Two New Cases with Special Reference 
to the Epiphj'seal Changes. By Harold Elrick (bj' inx-itation), Frederic C. Bartter (bj- 
im'itation), Adnej’ Sutphin (bj' invitation) and Fuller Albright. 

31. Quantitative Aleasurements of the Growth of Axillarj' Hair as an Index of the 
Endocrine Status. Bj' James B. Hamilton. 

32. The Effects of Testosterone Propionate on the Peripheral Blood and Bone 
Alarrow of Women with Advanced Carcinoma of the Breast. Bj- Timothj’ R. Talbot, Jr. 
(bj' invitation) and George C. Escher. 

33. Effects of Small Doses of Testosterone Propionate on Spermatogenesis. Bj' Cleve 
Beller (bj’ invitation) and Henrj' H. Turner. 

34. Endocrine Factors in Gout: The Significance of Differences in Childhood and 
Adult Urate Metabolism. By William Q. Wolfson, David Krevskj', Rachmiel Levine (bj' 
invitation), Kinu Kadota (bj' inv'itation) and Clarence Cohn. 

35. The Effect of Castration, of Unilateral Castration and of Pregnancy in Unilater- 
allj' Castrate Rats on the Ov'arj' Transplanted into the Spleen. Bj’ Gerson R. Biskind 
and Morton S. Biskind. 

36. The Occurrence of Conjugated Sulfates of Estrogens in Human Pregnancj' Urine. 
Bj' Herman Cohen (bj' invitation) and Robert W. Bates. 



Tte 1949 Annual Meeting of the 
American Diabetes Association 

Chalfonte-Haddon Hall, 

Atlantic City, N. J. 

1 

Saturday Afternoon, June 4; Joint Meeting with the Association for 

the Study of Internal Secretions. 

Sunday Morning and Afternoon, June 5. 

. Banquet, Saturday Night. 

Please send reservations for the banquet now to this office. Wives of mem- 
bers are welcome. Dinner subscriptions — $6.00 — Payable when you register 
at the meeting. 

Postgraduate Course in Endocrinol- 
ogy, Including Diabetes 

THE MEDICAL CENTER, UNIVERSITY OF CALIFORNIA MEDICAL SCHOOL 
Parnassus and Third Avenues, San Francisco 22, California . 

June 20 through 24, 1949 
Poland Hall, University of California Hospital 

General Chairman of Course: Hans Lisser, M.D., Clinical Professor of 
Medicine, University of California Medical School. 

Chairman of Program: Roberto F. Escamilla, M.D., Associate Clinical 
Professor of Medicine, University of California Medical School. 
Officers of Instruction: 

Drs. T. L. Althausen, H. G. Bell, R. C. Benson, L. S. Craig, M. E. 
Dailey, W. C. Deamer, R. F. Escamilla, M. B. Goldberg, L. Gold- 
man, G. S. Gordan, Jr., J. B. Graham, J. 0. Haman, F. Hinman, 
F. Hinman, Jr., W. J. Kerr, L. W. Kinsell, H. Lisser, B. V. A. Low- 
Beer, H. J. McCorkle, E. P. McCullagh, E. R. Miller, H. C. Naffziger, 
M. B. Olney, A. Palmer, H. H. Searls, H. C. Shepardson, F. S. Smyth; 
R. S. Stone, R. Ward, H. M. Weyrauch and A. Zeibak. 

This course is open only to graduates of medical schools approved by the 
Council on Medical Education and Hospitals of the American Medical 
Association. 
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54. Synthc.«i.‘; of Tc.stostcrono from An(lrostcnccIione-3, 17 by Tc.sti.s Tissue. By Leo 
T. S.inniels, Blaine H. Leveclabl (by in\-it.ation), M. L. Ilclmreich (by invitation) and 
M. M. Pottner (by invitation). 

55. The Role of the Adrenal Cortex in Some Somato-Sexual Aberrations in Infants 
and Children. By M. M. Mclicow. 

56. Effects of Compound E on Blood Ketone Bodies. By Leslie L. Bennett (by invita- 
tion), Alexander Slessor (by invitation) and George W. Thorn. 

57. The Effect of Dietary Protein on the Ability of the Liver to Inactivate Estradiol 
in the Rat. By Joseph W. Jailer. 

5S. Pregnanediol Excretion in Cases of Blighted 0\nm. By A. B. Abarbanel, Robert 
Iloyt (by invitation) and M. G. Levine (by invitation). 

59. A Mechanism of Potassium Deficiency in Alkalosis. By Charles H. Burnett, 
Belton A. Burrows (by invitation) and Robert R. Commons (by invitation). 

60. Effects of Hemopoietic Agents on Blood Formation in Hypophysectomized Rats. 
By Robert Gerstner (by invitation) and Albert S. Gordon. 

61. The Relative Effectiveness of Desoxycorticosterone Acetate in Oil Solution and 
in Pellets Diluted with Cholesterol. By Albert Segaloff. 

62. Adrenal Cortex Acthdty in Essential Hypertension. By Louis Tobian, Jr. and 
Harold Joseph (introduced by Carl A. Bunde). 

63. The White Blood Cell Response of Rats to Adrenalectomy, Stress, and Panto- 
thenic Acid. Bj- Marj" E. Dumm, Paul Roth (by invitation), Paul Ovando (by in\*ita- 
tion) and Elaine P. Ralli. 

64. Role of Emotional Stress in the Sur\dval of Adrenalectomized Rats given Replace- 
ment Therapy. By Miguel R. Covian (introduced by Curt Richter). 

65. The Androgenic Acti^^ty of New Esters of Testosterone. By A. J. Bergmann and 
Lloyd C. Jililler (introduced by John S. L. Browne). 

66. Effect of Androgen and Growth Hormone on the Rat’s Os Penis. By Wm. R. 
Lyons, Edward Abernethy (by invitation) and Mark Grooper (by inntation). 

67. The “Thiocyanate Space” and “Iodide Space” in the Thj-roid Gland. By J. F. 
McClendon, William C. Foster (by invitation) and Emerson Reed (by invitation). 

68. A Comparison of the 17-Ketosteroid Excretion of Cases of Cushing’s Syndrome 
Due to Adrenal Tumor with Those Due to Hj-perplasia (Hj'perfunction). By Anne P. 
Forbes, Eveljm L. Carroll (by in^dtation) and Mary L. Wheeler (by imdtation). 

69. Sex Hormones and Staphylococcus Infections. Bj' Manuel VUlaverde. 

70. The Problem of Allergy to Steroid Hormones. By George P. Heckel. 

71. Intravenous Estrogen in Menometrorrhagia in the Human. By A. R. Abarbanel. 

72. The Incidence of Cancer in Endocrine Case Histories. By J. K. Fancher and Jean 
Brooks (by in^■^tation). 

73. Renal Clearances in Patients with Cirrhosis of the Liver, with and without Ascites. 
By Stephen H. Leslie, Barbara Johnson (by invitation) and Elaine P. Ralli. 

74. Porphyria Simulating Anorexia Nervosa. By Bernard A. Watson. 

75. Hemosedimentation Test in Obesity. Aulo Pinto ViSgas. 

76. The Effects of Vitamin B, Thyroid, and Adrenal Alterations on the Amino Acid 
Oxidase Acthdty of Rat Liver and Kidney. By Samuel R. Tipton and Frances M. Colvin 
(by invitation). 

77. The Problem of Endemic Goiter in Yunnan Pro'vdnce. By Isidor Greenwald, 



Books Received 

T he following list acknowledges receipt of books wliich it has not been 
possible for us to review as yet: 

La Citologia Vaginal Humana en Condiciones Norniales y Patalogicas. By Inks L. C. de 
Allende, Doctora en Medicina, Jefe de la Seccidn Endocrinologia del Institute de 
Investigacidn Mddica, Cdrdoba, Argentina, and Oscar OrIas, Doctor en Mejlicina, 
Director del Institute de Investigacion M^dica, Cdrdoba, Argentina. Prdlogo del 
Prof. Dr, Bernardo A. Houssay, 313 pages. 105 illustrations (53 in color). 1947. 
El Ateneo, Buenos Aires, Argentina. 

Clinical Endocrinology and Constilxdional Medicine. By A. P. Cawadias, O.B.E., M.D., 
E.R.C.P., Endocrinologist to the Order of St. John Clinic. 368 pages. 14 illustrations. 
1947. Frederick Muller, Ltd., London, England. Price 42’-net. 

Crystalline Enzymes. 2nd Ed. revised and enlarged. By John H. Northrop, Member, 
The Rockefeller Institute for Medical Research, Princeton, New Jersey, and sharer 
of the Nobel Prize in Chemistry for 1946; Moses Kunitz, Associate Member, The 
Rockefeller Institute for Medical Research, and Roger M. Hbrriott, Associate, 
The Rockefeller Institute for Medical Research. 352 pages, 105 illustrations. 1948. 
Columbia University Press, New York, Price S7.50. 

Los Desordenes de la Menstruacion y su Tratamiento: Base Experimental de la Interreld- 
cibn Prehipbfiso-ovdrica. By Dr. Emilio Colombo. 327 pages. 159 figures. 1949. El 
Ateneo, Buenos Aires. 

Diabetes and its Treatment. By Joseph H. Barach, M.D., F.A.C.P., Associate Professor 
of Medicine, University of Pittsburgh; Senior Medical Staff, Presbyterian Hospital; 
Medical Director, Outpatient Department of the Medical Center Hospitals; School 
of Medicine, University of Pittsburgh. 326 pages. 73 illustrations. 1949. Oxford 
University Press, New York. Price $10.00. 

The Diabetic’s Handbook. By Anthony Sindoni, Jr., M.D., Chief of the Department 
of Metabolism, Philadelphia General and St. Joseph Hospitals; Chairman of the 
Advisory Committee on Diabetes to the Director of the Department of Public 
Health, Philadelphia; Chief of the Diseases of the Metabolism, St. Francis Hospital, 
Wilmington, Delaware. 194 pages. 7 illustrations. 1948. The Ronald Press Company, 
New York. Price, $3.00. 

Diagnosis and Treatment of Menstrual Disorders and Sterility. 2nd Ed. revised and en- 
larged. By Charles Mazer, M.D., F.A.C.S., Assistant Professor of Gjmecology and 
Obstetrics, Graduate School of Medicine, University of Pennsylvania; Gynecologist 
to the Mount Sinai Hospital, Philadelphia, and S. Leon Israel, M.D., F.A.C.S., 
Instructor in Gjmecology and Obstetrics, School of Medicine, University of Penn- 
sylvania; Associate Gynecologist to the Mount Sinai Hospital, Philadelphia. 570 
pages. 133 illustrations. 1946. Paul B. Hoeber, Inc., New York. Price, $7.50. 

Diagnosis in Sterility. 1st Ed., 2nd printing. Proceedings of the Conference on Sterility, 
sponsored by the National Committee on Material Health. Edited by Earl T. 
Engle, College of Physicians and Surgeons, New York. 237 pages. 30 illustrations. 
1947. Charles C Thomas - Publisher, Springfield, Illinois. Price $5.50. 

Diagnostic Hormonal et Traitements Hormonaux en Gynecologie. By Claude Becl^ibe. 
Preface by Professeur H. Simonnet. 373 pages. 1946. Masson et C®, Paris. Price 
525 fr. 
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The fee for the course is $50.00, payable at the time of enrollment, either 
by cheek or money order made payable to The Regents of the Uni- 
versity OF California. Please indicate the course for which application 
is being made. 

University Extension reserves the right to cancel this course, in which case 
all fcc.s will be refunded. 

Application is to be made to: Stacy R. jMetticr, M.D., Head of Post- 
graduate Instruction, Medical Exton.sion, Univensity of California Medical 
Center, San Francisco 22, California. Telephone: IMOntrose 4-3600, local 
255. 

VETERiVNS 

Those applying for educational benefits under federal or state statutes will 
present, at the time of registration, their Certificates of Eligibility and 
Entitlement which will be accepted in lieu of the fee. Veterans who pre- 
ATOUsly have filed their Certificates with University Extension and have 
not used their educational benefits elsewhere in the interim will likewise be 
admitted without fee, provided they have sufficient credit left on their 
Certificates. Application for the Certificate of Eligibility and Entitlement 
maj' be made through local offices of the Veterans Administration, and 
imisi be dated prior to the beginning of the course. 
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The Modern Treatment of Diabetes Mellitus, Including Practical Procedures and Pre- 
cautionary Measures. By William S. Collens, B.S., M.D., Chief of the Diabetic 
Clinic, and of the Clinic for Peripheral Vascular Diseases and Associate Visiting 
Physician, Israel Zion Hospital, Brooklyn; Associate Visiting Physician, Greenpoint 
Hospital, Brooklyn; Attending Metabolist, Jewish Sanitarium and Hospital for 
Chronic Diseases, Brooklyn; and Louis C. Boas, A.B., M.D., Assistant in the Dia- 
betic Clinic and in the Clinic for Peripheral Vascular Diseases, Israel Zion Hospital, 
Brooklyn; Chief of the Diabetic Clinic and Assistant Visiting Physician, Greenpoint 
Hospital, Brooklyn; Associate in Department of Metabolism, Jewish Sanitarium and 
Hospital for Chronic Diseases, Brooklyn, New York. 514 pages. 193 illustrations. 
1946. Charles C Thomas- Publisher, Springfield, Illinois. Price S8.50. 

Mongolism and Cretinism. By Clemens E. Benda, M.D., Director Wallace Research 
Laboratory for the Study of Mental Deficiency, Wrentham, Massachusetts; In- 
structor in Neuropathologj'’, Harvard Medical School; Assistant in Psychiatry, 
Massachusetts General Hospital; Lecturer, Postgraduate Seminar, Massachusetts 
Department of Mental Health. 310 pages. 103 illustrations. 1946. Grune& Stratton, 
Inc., New York. Price S6.50. 

Natural Products Related to Phenanthrene. 3rd Ed. By Louis F. Fieser and Mary 
Fieser, Department of Chemistry, Harvard University. 704 pages. 1949. Reinhold 
Publishing Corporation, New York. Price SIO.OO. 

Office Endocrinology. 3rd Ed. Revised and enlarged. By Robert B. Greenblatt, B.A., 
M.D., C.M., Professor of Endocrinology, University of Georgia School of Medicine; 
Director, Sex Endocrine Clinic, University Hospital, Augusta, Georgia. With a fore- 
word by G. Lombard Kelly, M.D., Dean, University of Georgia School of Medicine. 
306 pages. 71 figures. 1947. Charles C Thomas • Publisher, Springfield, Illinois. Price 
S4.75. 

Pathology and Surgery of Thyroid Disease. By Joseph L. DeCourcy, M.D., Senior Sur- 
geon, Good Samaritan Hospital; Director, DeCourcy Clinic, Cleveland, Ohio, and 
Cornelius B. DeCourcy, M.D., Member DeCourcy Clinic Surgical Staff, Cin- 
cinnati, Ohio. 476 pages. 94 illustrations (4 in color). 1949. Charles C Thomas -Pub- 
lisher, Springfield, Illinois. 

Practical Aspects of Thyroid Disease. By George Crilb, Jr., M.D., F.A.C.S., Depart- 
ment of Surgery, Cleveland Clinic. 354 pages. 101 illustrations. 1949. W. B. Saunders 
Company, Philadelphia. 

Practical Office Gynecology. By Karl John Karnaky, M.D., Assistant Professor of Clini- 
cal Gynecology, Baylor University College of Medicine; Gynecologist to Jefferson 
Davis Hospital, Houston, Texas. 261 pages. 113 figures showing 238 illustrations; 
29 figures are in color, showing 73 illustrations. 1947. Charles C Thomas - Publisher, 
Springfield, Illinois. Price 87.50. 

The Practice of Endocrinology. Edited by Raymond Greene, M.A., D. M., M.R.C.P. 
with contributions by A. C. Crooke, M.A., M.D., Clinical Endocrinologist Bir- 
mingham United Hospital, the Birmingham and Midland Hospitals for Women, 
and the Children’s Hospital, Birmingham, England; Donald Hunter, M.D., 
F.R.C.P., London Hospital; R. D. Lawrence, M.A., M.D., Physician in charge of 
the Diabetic Department of King’s College Hospital, London; J. M. Robson, M.D., 
D.Sc., F.R.S.E., reader in Pharmacology at Guy’s Hospital Medical School, Lon- 
don; F. F. Rundle, M.D., F.R.C.S., Assistant Surgeon and Assistant Director of the 
Surgical Professorial Unit at St. Bartholomew’s Hospital, Londonj Rockefeller 
Travelling Fellow; formerly Hunterian Professor, Royal College of Surgeons, Lon- 
don; and P. H. Sandifier, M.R.C.P., of the Maida Vale Hospital for Nervous Dis- 
eases; Neurological Physician Royal National Orthopaedic Hospital, London. 3G0 
pages. 19 figures and 53 plates (1 colored). 1948. Eyre & Spottiswoode, London, 
England. Price 52s. 6d. 
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Diseases of the Admwls. 2n(I Erl. By Louis .T. SorFKn, M.D., As.sociste Attending 
Physician, The Mount Sinai Hospital, New York City; As.sistant Clinical Professor 
of Medicine, Columhia University, New York. 320 (lage-s. 45 illustrations (3 color 
plates). 1048. Lea & Fehiger, Philadcliihia. Price .?G. 50. 

Endocrine Function of Ihc. Jlijpophi/sis. By lI.MmY B. Eiunnooon, M.D., Assistant 
Clinical Professor of Medicine. University of Southern California and Senior Attend- 
ing Physician, Los Angeles County Hospital, Los Angeles, California. Edited by 
Henky a. Chuisti.w, A.M., M.D., LL.D., Sc.D(Hon.), F.A.C.P., Hon. F.R.C.P. 
(Can.), Herscy Professor of the Theory and Practice of Physics, Emeritus, Harvard 
University; Clinical Professor of Medicine, Tufts Medical Physician-in-Chief, 
Emeritus, Peter Bent Brigham Hospital; Visiting Physician, Beth Israel Hospital, 
Boston, Massachusetts. (Rejirintcd from O.vford Loose-Leaf Medicine, with the same 
page numbers as in that work). 240 pages. 36 illustrations. 1946. O.vford University 
Press, New York. 

Endogcncous Endocrinothcrapij Including The Causal Cure of Cancer. (Compendium) 
By Dr. Jules S.\muels, Specialist for endogeneous endocrinotherapy, Amsterdam. 
539 pages. 30 illustrations. 1947. Holdcrt & Co., Amsterdam. 

Essai dc Physiopathologic Thgro-lJ gpophysaire. By Dr. .J.\cques M.\h.\ux, Agregd de 
I’enseignement supdrieiir. Adjoint de la Clinique mddicale universitaire (Belgique). 
Prdface du Professeur E. J. Bigwood. 26S pages. 29 figures. 1947. Masson et C"', 
Paris. Price 530 fr. 

Essentials of Endocrinology. 2nd Ed. revised and enlarged. By Arthur Grollm.^x, 
Ph.D., M.D,, F.A.C.P. Profe.ssor of Medicine, The Southwestern Medical College; 
Attending Physician and Consultant in Endocrinologj'. The Parkland Hospital, 
Dallas, Texas. 644 pages. 132 illustrations. 1947. J. B. Lippincott Company, Phila- 
delphia. 

Essentials of Gynecologic Endocrinology. B3- G.\rdxer M. Riley', Ph.D., Assistant Pro- 
fessor of Obstetrics and Gj'necologj-, University of Michigan Medical School. 205 
pages. 35 figures and 1 color plate. 1948. Caduceus Press, Ann Arbor, Michigan. 

Experimental Inununochemistry. Bj' Elvix A. Kab.yt, Ph.D., Associate Professor of 
Bacteriology, College of Phj'sicians and Surgeons, Columbia University and the 
Neurological Institute, New York; and IMaxfred M. M.yy’er, Ph.D., Associate 
Professor of Bacteriologj', School of Hj'giene and Public Health, The Johns Hopkins 
University, Baltimore, jMarjdand. With a foreword bj- IMich.vel Heidelberger, 
Ph.D., Professor of Biochemistrj', College of Phj^sicians and Surgeons, Columbia 
University, and Chemist to the Presbjderian Hospital, New York. 575 pages. SS il- 
lustrations. 1948. Charles C Thomas -Publisher, Springfield, Illinois. Price -$8.75. 

F ood and Facts for the Diabetic. Bj' Joseph H. B.y.r.ych, M.D., F.A.C.P., Associate 
Professor of ^ledicine. School of Medicine, University’’ of Pittsburgh. Ill pages. 
16 figures. Oxford University Press, New York. 1949. Price S4.00. 

General Endocrinology. By C. Doxxell Turxer, Ph.D., Associate Professor of Zoologj' 
at Northwestern University. 604 pages. 164 illustrations. 1948. TV. B. Saunders 
Companj’, Philadelphia. 

Hormones and Behavior — A Survey of Interrelationships Between Endocrine Secretions 
and Patterns of Overt Response. Bj' Fraxk A. Be.ych, Professor of Psj'chologj', Yale 
University. With a foreword bj' E.\bl T. Exgle, AI.D., College of Phj'^sicians and 
Surgeons, Columbia University, New York. 368 pages. 1948. Paul B. Hoeber, Inc., 
New York and London. Price S6.50. 

L’Hyperfollicidine — Etude Clinique, Anatomo-Pathologique et Therapeiitique. B 3 ’’ !Max 
Wallet. Preface b 3 " L. de Gexxes. 354 pages. 25 figures. 1946. IMasson et C'', Paris. 
Price 480 fr. 
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ADRENALS 

Green, D. M.; Mechanisms of desoxycorticosterone action. I, Relation of 
fluid intake to blood pressure, J. Lab. & Clin. Med. 33 : 853-859, 1948. 

Since the results of preliminary investigations suggested that desoxycorticosterone 
(DCA) may possess the ability to elevate mean pressure without produ-ction of secondary 
cardiac slowing or pulse pressure increase, studies were made of the mechanisms by 
which this drug affects the height of the blood pressure level. Implantation of a single 
20 mg. pellet of DCA in young rats maintained on isotonic saline solution was followed 
immediately by a rise on fluid intake, later bj”^ a secondary regression of intake values 
toward control levels and the reciprocal deAmlopment of hypertension. The degree of this 
hypertension appeared to be in proportion to the dosage of the drug, the maximal rise 
in fluid intake, and the subsequent rate of decline in intake. Adrenalectomy apparently 
did not sensitize the test animals to the actions of DCA. The author suggests that the 
hypertension induced by overdosage of DCA may not represent a direct action, but 
may be a compensator}'- mechanism for overcoming distortions in fluid and electrolyte 
balance produced by the drug. — T.H.McG. 

La Due, J. S. ; Murison, P. J., and Pack, G. T. : The use of tetraethyl- 
ammonium bromide as a diagnostic test for pheochromocytoma, Ann. 
Int. Med. 29: 914-921, 1948. 

The responses of a patient with pheochromocytoma to the parenteral administration 
of histamine diphosphate and of tetraethylammonium bromide are presented. Both 
agents induced a paroxysm of severe hypertension. However, that following the admin- 
istration of histamine was uncontrollable, whereas the level and duration of blood pres- 
sure rise after the administration of tetraethylammonium bromide could be controlled 
by a change in the patient’s posture. — J.M. 

Mason, H. L., and Sprague, R. G. : Isolation of 17 -hydroxycorticosterone 
from the urine in a case of Cushing’s syndrome associated with severe 
• diabetes mellitus, J. Biol. Chem. 175 : 451-56, 1948. 

In this case of Cushing’s syndrome, associated with bilateral hyperplasia of the ad- 
renal cortex, 191 mg. of 17-h5'-droxycorticosterone was isolated from the urine collected 
during a 25-day period. The total corticosteroids excreted, as measured by a chemical 
procedure, rvas 14 to 19 mg. per day. Isolation of this adrenal cortical hormone, which is 
the most active one known with respect to carbohydrate metabolism, supports the view 
that at least some of the manifestations of Cushing’s syndrome are primarily the result of 
an overproduction of those cortical hormones which are active in carbohydate metabol- 
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Prcgiiaacu Diagtwais Teats: A Rcvicir. By Alfued T. Cowie, B.Sc., M.R.C.V.S., Ph.D., 
National Institute for Research in Dairj-iiig, University of Reading. 2S3 pages. 194S, 
Joint Publication No. 13 Commonwealth Agriculture Bureaux, Pcnglais, Aherj-- 
stwyth, Great Britain. Price 15s. 

Psuchodiinamks and the Allergic Patient. By H.^uoed A. Abramson-, M.D., F.A., 
F..\.C.A., Associate Pliysician for Allergy, The Mount Sinai Hospital, New York, 
New York; Consulting Physician for Allergy, Sc.a View Hospital, Staten Island, New 
York; Assistant Professor of Physiology, Columbia University, New York. SI pages. 
194S. The Bruce Publishing Company, St. Paul and Minneapolis. 

Recent Adeanccs in Endocrinology. Gth Ed. By A. T. C.ameron, C.^I.G., M.A., D.Sc. 
(Edin.) F.R.I.C., F.R.S.C., Profc-ssor of Biochemistry, University of Manitoba, and 
Biochemist at the Winnipeg General Hospital, Winnipeg, Canada. 443 pages. 74 il- 
lustrations. 1947. The Blakiston Company, Philadelphia and Toronto. Price -SG.OO. 

On the Relation Between the Thyroid Gland and Uterine Myoma. By ^Mauri Rouhun- 
KosKi. S3 pages. 194S. Mercatorin Kirkapaino, Helsinki. 

The Renal Origin oj Hypertension. By H.\rry Golbbe.att, M.D., C.M., Director, In- 
stitute for Medical Research, Cedars of Lebanon Hospital; Professor of Pathologj-, 
University of Southern California, Los Angeles, California. A monograph in American 
Lectures in Pathology, edited by P.aul R. C.annon. 12G pages. 3S illustrations.l94S. 
Charles C Thomas- Publisher, SpringBeld, Illinois. Price .?2.75. 

Sexual Endocrinology of Kon-Mammalian Vertebrates. By L. H. Bretschneider and 
J. J. Dui-^'ene be Wit, from the laboratorj- for General Zoologj-, University of 
Utrecht, Netherlands. Number 11 in Monographs on the Progress of Research in 
Holland During the War. 146 pages. 96 illustrations. 1947. ElseA-ier Publishing Com- 
pany, Inc., New York. Price S2.75. 

Sterility and Impaired Fertility. Pathogenesis, Investigation and Treatment. 2nd Ed. By 
Cedric Lane-Roberts, C.V.O., ^LS., F.R.C.S., F.R.C.O.G., Gj-naecological Sur- 
geon Royal Northern Hospital, Consulting Obstetric Surgeon, Queen Charlotte’s 
Hospital; Albert Sh.arman, M.D., Ph.D., ^I.R.C.O.G., Senior Assistant Surgeon, 
Rojml Samaritan Hospital for Women, Glasgow, Assistant Lecturer in Clinical 
Gjmaecologj-, University of Glasgow; ICenneth Walker, M.A., M.B., B.C. (Can- 
tab), F.R.C.S., F.I.C.S., Jacksonian Prizeman and Hunterian Professor, Roj-al Col- 
lege of Surgeons, Emeritus Surgeon, Royal Northern Hospital, Andrologist, Philip 
Hill Parenthood Clinic; B. P. Wiesner, D.Sc., Ph.D., F.R.S.E., Consulting Biologist, 
Royal Northern Hospital; and !Mart Barton, M.B., B..S., First Assistant to the 
Fertility Clinic, Ro 3 -al Free Hospital, London. 400 pages. 96 illustrations. 1948. Paul 
B. Hoeber, Inc., New York. 

Temporary Rise in the Frequency of Thyrotoxicosis in Denmark 1941— 194a. Bj- Kurt 
Iversen. Translated from the Danish bj' Hans Andersen, M.D. 244 pages. 1948. 
Rosenkilde and Bagger, Copenhagen. 

Traite de Neiiro Endocrinologie. Le Sysleme Neuro-Endocrinien, le Complexe Hypo- 
thalamo-Hypophysaire, la Neuro-Ergonologie, et son Evolution Recente. Bj- Gust.aa-e 
Rousst and jMichel iMosinger. 1106 pages. 261 figures. 1946. Masson et C*', Paris. 
Price 2200 fr. 

Tuberculosis of the Knee Joint. Bj- Johannes Mortens. Translated from the Danish b 3 ' 
Axel Andersen. 550 pages. 1948. Einar Alunksgaard, Copenhagen, and K. H. Lewis 
& Co. Ltd., London. 

Die Weiblichen Sexualhormone in der Pharmakotherapie. By Dr. iled. 0. jMuhlbock, 
Amsterdam. Prof. Dr. Med. H. Kn.ahs, Graz; and Doz. Dr. Med. E. Tscherne, 
Graz. 300 pages. 43 illustrations (4 in color). 1948. Aledizinischer Verlag Hans Huber, 
Bern. Distributed in U.S.A. and Canada b 3 ’' Grune & Stratton, Inc., New York. 
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Sevringhaus, E. L. : Use of estrogens in medicine, Ann. Ini. Med. 29: 
595-600, 1948. 

The physiologic actions of the estrogens and possible modes and routes of administra- 
tion are briefly reviewed. The utilization of estrogenic therapy in the menopausal syn- 
drome, dysmenorrhea, and adolescent hypoplasia of the breasts or uterus is discussed. 
Absolute and relative contraindications to the use of estrogens are considered. — J.M. 

Tyler, E. T.; Payne, S., and Kirsch, H.: Pregnenolone in male infer- 
tility, West. J. Surg. 56: 459-463, 1948. 

Pregnenolone was administered to 25 males with varying degrees of infertility. In the 
dosage employed, the compound failed to stimulate any definite increase in sperm pro- 
duction. A questionable improvement in sperm motility was observed in a small per- 
centage of the patients treated. — J.M. 


Van Bruggen, J. T.: A comparison of methods used for the hydrolysis of 
conjugated urinary estrogens, J. Lab. & Clin. Med. 33: 207-215, 1948. 

Several experiments were carried out in order to investigate the various factors which 
affect the hydrolysis and extraction of conjugated urinary estrogens. Results confirmed 
previous suggestions that the use of 15 Amlumes per cent HCl for 10 minutes as the hydro- 
lyzing medium does not give optimum jdelds of the conjugated estrogens. Nitrogen and 
sulfonic acid, in contrast to their effectiveness in experiments with pure estrogens, ap- 
parently offered little advantage -with the combined forms. Two-hour pressure hydrolysis 
at 120° C. of aliquots of pooled urine, all samples first being adjusted to pH 1.0 with 
HCl or H2SO4, proved to be very effective. The hydrolysis of combined forms of estrogens 
in butanol gave the highest yields (148,000 units in the 2-hour fraction). Use of a pooled 
sample of urine appeared to nullify individual differences in urine samples. — T.HMc.G. 


Vogel, M.; McGavack, T. H., and Mellow, J.: Effects of various estro- 
genic preparations on the vaginal mucosa. Am. J. Obst. & Gynec. 56: 
269-280, 1948. 


Fifty-five postmenopausal patients, ranging in age from 27 to 85 years, were studied. 
Vaginal smears were obtained prior to therapy, and at 12-hour intervals following ad- 
ministration of a single dose. Periods of observation ranged from 60 to 377 hours. The 
smears were stained by the Papanicolaou technique. Free estradiol, estradiol dipropm- 
nate, estradiol benzoate in sesame oil, peanut oil and propylene glycol, were injected 
in 1 to 5 milligram amounts. The response noted was as follows: 3 patients, no re- 
sponse; 24 patients, an alteration in type of smear without follicular reaction; and 44 
patients, varying degrees of follicular response. The authors found that the degree of 
follicular reaction and amount of hormone injected could be directly correlated, that an 
inverse relation existed between age of patient and height of follicular reaction, and that 
the lag-time betwmen treatment and appearance of the follicular reaction w^as 42 to I8O 
hours. The duration of follicular reaction varied from 12 to 200 plus hours, and, in gen- 
eral, the higher doses tended to produce the longer changes. Esters of estradiol in oil}^ 
menstrua act more rapidly than either free estradiol or its esters, in propylene glycol. 1 
is stressed that there is considerable individual variation in reaction to estrogens, an( 
that doses of estrogen necessary for relief of climacteric symptoms are not quantitative } 
related to those required to produce a full estrogenic response in the vaginal epithelium.— 
C.D.D. 
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ism. Tlic presence of severe diabetes wliich was refractory to insulin was analogous to the 
insulin-resistant hyperglycemia and glycosuria induced in rats by administration of 
the carbohydrate-active cortical hormones. — II.L.M. 

Selye, H.: The alarm reaction and the di.'^ea.'^e.s of adaptation, Int. 
Med. 29: 403-415, 194S. 

The author reviews the princii)al observations upon which the concept of “diseases 
of adaptation” is based, with special reference to nephrosclerosis and hypertension. The 
pathogenicity of mineralocorticoids jiroduccd in response to stress can apparently be 
modified by several metabolie factors. Diets poor in sodium and protein and treatment 
with acidifying salts tend toprevent experimentally-induced nephrosclerosis andhyperten- 
sion. The apidieation of these ohservations to clinical medicine is briefly discussed. — J.M. 

GONADS 

Abarbanel, a. R.: Artificial reproduction of the c 3 'clic change.s in cervical 
mucus in human castrates: with clinical correlations, TFcsL J. Snrg. 56: 
26-34, 1948. 

By the administration of estrogens to female castrates (with a stump of cer\'ix re- 
maining) it was possible to duplicate the alteration in the cervical mucus characteristic 
of the immediate pre-ovulatorj- or co-ovulatorj- phase of the cycle. These alterations 
consist of a decided increase in the volume of cervical secretions, a marked decrease in 
viscosity and almost complete absence of polymorphonuclear leukocytes. This clear 
waterj' mucus is rapidly penetrable by relatively large numbers of sperm which remain 
activelj' motile in it for 24 to 72 hours, a longer time by far than in mucus obtained at 
any other time in the cycle. In control castrates progesterone alone, as well as testoster- 
one preparations, were not observed to stimulate the flow of cenical mucus. — J.M. 

Fried, P. H.: The two hour pregnanej' test, based on rat ovar^’ hjTjeremia, 
TFesf. J. S^irg. 56: 552-555, 1948. 

The rat hyperemia test was performed bj' the author on specimens obtained from 500 
pregnant and nonpregnant patients, r\ith an over-all accuracy of 96.S per cent. The ad- 
vantages cited for the test, as compared to the conventional methods, are its increased 
sensitmty and rapidity, the scarcity of false positive reactions, the increased tolerance 
of the rat to toxic specimens of urine and the convenience of the test and test animals. 
Disadvantages are the false negative reactions and the lack of a sharp positive end- 
point. — J.M. 

Guterman, H. S., and Schroeder, M. S.: A simplified technique for the 
quantitative colorimetric estimation of pregnandiol in urine, J. Lab. & 
Clin. Med. 33 : 356-366, 1948. 

In contrast to the majority of quantitative methods for estimation of urinary preg- 
nandiol, the colorimetric procedure described requires only small amounts of urine, 
manipulation is technically simple, and no special apparatus and chemicals are needed. 
The quantitative determination of pregnandiol in a given specimen of urine depends on 
its spectrophotometric absorption at 430 millimicra. The estimation of pregnandiol 
alone is possible with this method; androsterone does not interfere with the color reac- 
tion. Results of determinations in the menstrual cj^cle and in pregnancy check closely 
with those obtained with the longer gravimetric procedure as observed in other labora- 
tories. — T.H.Mc.G. 
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death to autopsy ranged from two to twenty-seven JiourS; with an average 
of 10.7 hours. 

The pancreas was trimmed of excess fat by the pathologist, and a small 
block of tissue removed for routine microscopic study. The remainder was 
weighed and taken immediately to the laboratory. 

The pancreatic tissue (40-200 Gm. per patient; average 82 Gm.) was 
ground in a household meat grinder in the refrigerator and mixed with 1.5 
ml. of extracting fluid per gram. The extracting fluid consisted of 35 ml. of 
1:4 dilution of concentrated H 2 SO .1 per liter of 95 per cent ethanol. The 
pooled ground tissue was stored for several weeks in a large glass jar until 
10 to 20 pancreases had been collected. The quantities given in the follow- 
ing section are based on 1 kilogram of pancreas. 

The acid alcohol e.xtract was separated from the grindings by filtering through gauze 
and pressing out as much liquid as possible. The extraction was then repeated with 
1000 ml. of 70 per cent alcohol. After standing for two hours at room temperature, the 
solid matter was again removed by filtering through gauze. The filtrates were then com- 
bined and passed through filter paper. The final filtrate (about 2500 ml.) was transferred 
to a large dish, and the alcohol was evaporated by directing the stream of an electric 
fan over the surface. As the alcohol evaporated, the lipids precipitated out, and the 
aqueous layer became less colored. When the odor of alcohol was gone, at which time 
the volume was reduced to about j, the liquid fats were removed from the amber-colored 
aqueous layer in a separatory funnel, and the solids were removed by filtration. 

Sodium chloride to a concentration of 25 per cent was added to the filtrate in a 
beaker, whereupon a dark green precipitate settled out. On standing for a few days in the 
ice box, more precipitate formed and adhered to the beaker, facilitating decantation. 
The supernatant fluid was poured off through a Buchner funnel, care being taken not 
to disturb the precipitate until most of the supernatant liquid had been poured off, m 
order to avoid clogging the filter paper. 

Following the addition of 100 ml. of dilute HCl, most of the precipitate dissolved, 
forming a turbid green-brown solution containing some insoluble material. The suspen- 
sion was transferred to a centrifuge tube, and 15 Gm. of NaCl was added, whereupon a 
precipitate reappeared. After standing overnight in the ice box, the tube was spun at 
2000 rpm for 30 minutes and then decanted through a Buchner filter in order to collect 
a portion of the precipitate which floated. The precipitate was then dissolved in 25 ml. 
of dilute HCl, again producing a turbid green-brown solution, the pH of which was 1.85. 
Preparatory to filtration through a Seitz filter the pH was adjusted to 7.8 using N/lO 
NaOH. As the iso-electric point of insulin was passed, a heavy dark green precipitate 
formed and redissolved. The solution was filtered through a Buchner filter (under suc- 
tion) and then through a sterile Seitz bacterial filter, through which buffered saline of 
jjH 7.4 was first passed until no change in the pH of the saline solution occurred. Adjust- 
ment of the insulin solution to pH 7.8 and rinsing of the filter pad with buffer solution 
were done in order to avoid possible shift towards the iso-electric point of insulin (pH 
5.35) with consequent precipitation and loss in the filter pad. The fine dark green pre- 
cipitates, collected by filtration through the Buchner and Seitz filters, were discarded. 
Ten per cent phenol was added to make a final concentration of 0.5 per cent, and the 
pH was lowered to 2.5 with sulfuric acid. The solution was again hazy at this point, but 
cleared upon centrifugation at 1800 rpm for 30 minutes. The sediment, which was 
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ON THE PREPARATION OF HUMAN INSULIN 
FOR EXPERIAIENTAL USE* 

WILLIAM FRANKLIN, iM.D. axd FRANCIS C. LOVTLLL, M.D. 

From Ihc Evans Memorial, Massacliusctls Memorial Hospitals, and the Department of 
Medicine, Boston University School of Medicine, Boston, Massachusetts 

T he purpose of this paper is to describe our experience in the prepara- 
tion of human insulin for experimental use. The method is a modifica- 
tion of one described by Somogjd, Doisy, and Shaffer (1) for the prepara- 
tion of beef insulin. 

Others have presented evidence (2) indicating that insulins from various 
sources, including human, are immunologically identical. Studies in this 
laboratory have not been in accord with this conclusion, in that a marked 
difference was observed between the response to human insulin and com- 
mercial beef and pork insulins in a patient with insulin-resistant diabetes 
(3) and also in a rabbit immunized with commercial insulin (4). 

METHOD 

Fifty pancreases were collected at the autopsy tables of the Boston City 
Hospital, Beth Israel Hospital, and Massachusetts Memorial Hospitals 
from patients dying with heart disease, liver disease, cerebral accidents, 
malignancy, renal disease, and various other causes. Cases of diabetes, 
tuberculosis, or severe sepsis were excluded. The age of the patients varied 
from 12 to 90 years, the average age being 60 years. An effort was made 
to obtain material as soon after death as possible without distimbing the 
routine of the respective departments of patholog 5 ^ The elapsed time from 

Received for publication October 28, 1948. 

* This work was done under a grant from the United States Public Health Ser\-ice. 
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whereas the pancreas from diabetic individuals contained an average of 
less tlian 40 units per pancreas or 0.4 units per gram. Tliey extracted only 
sufficient amounts for assay by a method winch may be more efficient than 
ours, but which would be cumbersome and expensive for producing insulin 
in anj'- quantity. There are several factors which may account for the lower 
yield obtained by us (50 units per pancreas or 0.62 u/Gm.) as compared to 
that obtained by Scott and Fislier from their nondiabetic group (173 units 
per pancreas or 1.7 ii/Gm.); 

1. They obtained pancreases from persons who died suddenly; we ob- 
tained ours from patients d3dng in the hospital, generally after a consider- 
able period of debility. 

2. The average age in their group was 41.2 years; in ours it was 60.4 
years. 

3. Their material was slightly fresher tlian ours, being obtained on an 
average of 9.6 hours after death as against 10.7 hours. This slight differ- 
ence probably did not play a significant part. 

4. The pancreases obtained by them were larger than those obtained by 
us, -weighing an average of 119.7 grams compared -with 91.6 grams. Part of 
the difference (about 15 grams) can be ascribed to tissue removed for mi- 
croscopic studj'- by the pathologist. Some difference in weight may be due 
to variation in the thoroughness with which fat and adventitious tissue 
Avas trimmed from the pancreas. It is very likely, however, that there was 
a real difference in the average AA’^eight of the organs in the two series of 
approximately 25 grams. This may be due to factors 1 and 2 mentioned 
above. Weight differences alone can effect only the yield per pancreas, and 
not the yield per gram. 

5. Difference in method of extraction may Amry Avell account for the 
difference in yield. In our process, for example, considerable insulin activity 
may haAm been lost by alloAving the pancreatic hash to remain for long peri- 
ods of time in the extracting fluid. 

A rough estimate of the relative efficiency of the tAvo methods Avas at- 
tempted. A single pancreas was ground, and the grindings were divided into 
approximately equal portions Avhich were then Aveighed. One portion Avas 
extracted by Scott’s method. The other portion Avas extracted by the 
method described in this paper. All manipulations Avere carried out as m 
the preparation of the lot of insulin described earlier, including the elapse 
of one month, during which the hash stood in the refrigerator after addition 
of extracting fluid, Seitz filtration was also carried out. The numerous ma- 
nipulations required by the method we used and the small size of the sample 
in this instance would probably decrease the yield, if it affected it. at all, 
because the insulin lost on filters and glassware AAmuld be proportionately 
large. Assay’-s AA'ere carried out in mice, using 80 to 120 mice for each prepara- 
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linrk Kroi'ii in rolnr. \v:i< «lisr;inl('il, Inavinn a dear, amber-colored siii)crnatant liquifl, 
wliich Wan decanted and placed in sterile vials. 

*•1 ssan 

Tim insulin was first assayed by its ability to produce convulsions in 
white mice (o). Small numbers (.5 to 10 mice) were used for purposes of ori- 
entation, and then the human insulin was compared with that of commer- 
cial insulin (Lilly USO) in larger groups (4G mice for each preparation). The 
a.s.say of the final preparation was 21-25 u per ml. bj’ this method. A .second 
assay was done in rabbits using the ‘‘cro.ss over” method of Marks ( 6 ), 
which is based on the per cent reduction in blood sugar following the sub- 
cutaneous injection of insulin. Blood sugars were determined by the micro- 
method described by Nelson (7), using (he Folin method of protein precipi- 
tation (S). Five rabbits were used, each being tested with human insulin 
and commercial insulin (0.75 units/Kg.). By this method the preparation 
contained 24 u/ml., the estimated error being approximate!}' 10 per cent 
for the number of animals used. 

RESULTS 

A total yield of 2500 units (106 ml. of a solution containing 24 units 
per ml.) was obtained from 50 pancreases. This represented an average 
yield of 50 units per pancreas or 0.62 units per gram. The final product was 
a clear, amber-colored liquid with a slightly greenish hue. It contained 
0.34 mg. of nitrogen per ml, onh' 47 per cent of which could be ascribed 
to the insulin present. Wlien 6.4 units (0.1 u/Kg.) were given intrave- 
nously to a 140-pound human subject with apparently normal carbohydrate 
metabolism, a normal insulin tolerance curve was obtained. The fasting 
blood sugar was 71 mg./lOO ml.; 15 minutes after the injection it was 
39 mg./lOO ml; at 30 minutes, 29 mg./lOO ml; at 45 minutes, 42 mg./lOO 
ml; at 1 hour, 60 mg./lOO ml; at I 5 hours, 70 mg./lOO ml.; and at 2 hours, 
105 mg./lOO ml. 

DISCUSSION 

The puipose of this study was to obtain a quantity of human insulin for 
an experimental study of insulin resistance. Assays on two individual pan- 
creases were made in order to determine what effect the interval between 
death and processing of the pancreas might have on the jdeld of insuhn. 
According to rough assays in mice, a pancreas obtained twenty-seven 
hours after death contained one-quarter as much insuhn as one obtained 
three hours after death. 

In studies on the ins ulin content of the human pancreas from diabetic 
and nondiabetic indmduals, Scott and Fisher (9) found that the nondia- 
betic pancreas contained an average of 173 units or 1.7 units per gram, 
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M ASCULINIZATION due to ovarian tumor is rare, and it is only 
within the past few years that clinical and laboratory data concern- 
ing such cases have been gathered with sufficient completeness to establish 
some of the diagnostic criteria. Some examples of the condition must still 
go unrecognized, or pass as states of ^‘functional” amenorrhea or mild hir- 
sutism. In this paper we report a case, cured by surgical removal of the 
tumor, which presents features of diagnostic interest, clinically and patho- 
logically. 

CASE HISTOEY 

Mrs. D. M., age 46, was admitted to the Montreal Neurological Institute on Septem- 
ber 25, 1946. She complained of amenorrhea of eleven years’ duration; increased hair 
growth on the body for six years; loss of libido, nervousness, increased fatigability and a 
tendency to baldness of the scalp for five years; and huskiness of the voice for one and 
a half years. 

She had been in perfect health and had normal menstrual periods until eleven years 
before admission. At that time her periods suddenly stopped and she had no bleeding 
or discharge thereafter. Then an increased growth of hair appeared on her face. Three 
or four years later hair began to appear on her forearms and legs, and on the chest and 
abdomen. During the two years prior to admission hair appeared on her back and upper 
arms and on the back of her fingers, and everywhere it became thicker and coarser. 
Meanwhile the scalp hair became thin and bald spots appeared. For two years she had 
noticed that her muscles stood out like those of a man, and that she was much stronger, 
even though she found she tired quickly. The veins on her arms and legs became larger 
and more prominent and the skin became leathery. There was a gradual loss of 20 pounds 
in weight. 

About a year and a half before admission her voice began to change, acquiring a 
masculine, husky quality, and the neck seemed to thicken. Her appetite for food in- 
creased so that she might get ravenously hungry, but she was more quickly satisfied 
than formerly. For a few months there had been mild numbness of the hands and legs. 
For ten 3 mars the patient took regular and nerve-racking electrolysis treatment for re- 
moval of facial hair. 

In the past five years there had been complete lack of sexual appetite. There was 
increasing nervousness and selfconsciousness, and a contant indefinable sense of tension 
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tion. Scott and Fisher’s method yielded 1.6 u/gram of pancreas; our method 
1.1 u/gram, or 65 per cent as much. Tliis would indicate that the low 
yield obtained by us from 50 pancreases, a yield wliich was only 35 per 
cent of that obtained by Scott and Fisher, cannot be attributed entirely 
to the diflference in the method used for extraction. 

It is possible that a good part of the difference in the yield of insulin per 
pancreas between our group and that reported by Scott and Fisher (9) was 
due to the debility of the subjects from whom our pancreases were obtained. 
If this is true, then the striking difference noted by these observers between 
the insulin content of pancreases from diabetic and nondiabetic individ- 
uals was due only in part to diabetes per sc, because in their series the non- 
diabetic subjects had died suddenly, whereas those with diabetes had died 
of associated debilitating disease. 

SUMMARY 

Human insulin suitable for injection into patients was prepared by a 
method requiring no special apparatus. The yield of insulin was approxi- 
matelj' 50 units per pancreas or 0.62 u/gram. 

Evidence is presented indicating that the insulin content of the pan- 
creas is reduced in nondiabetic persons dying of debilitating disease. 
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Tlie report of the vaginal smear, from the Gyne-cytology Laboratory (Dr. J. E. 
Ayre) was as follows: “The cytological picture is most, unusual. Both vaginal and cervical 
smears show a complete absence of cornification (endogenous estrogen). The cells are 
all of an atypical, basal, atrophic type avhich we have seldom seen. Some of these show 
multinucleation with foamj'^ appearance throughout the cytoplasm. 

“Interpretation: 1. Total absence of cytological evidence of endogenous estrogen. 
2. We cannot account for cells of this type. The picture is not typical of that found when 
male hormone is administered. Whether some adrenal hormones enter this picture we do 
not know.” 

Table 3. Blood Electrolytes 



Plasma 

Serum 

Chloride 

1 

N.P.N. 

1 

Sodium 

Potassium 

Calcium 

1946 

niEq./L 

ing- % 

mEq./L 

mEq./L 

rag. % 

Oct. 23 

— 

28.4 

— 

— 

10.5 

Oct. 24 

101 

20.0 

142 

— 

— 

Oct. 24 



Operation - 



Oct. 25 

— 

— 

146 

6.3 

— 

Oct. 28 

97 

27.5 

142 

5.0 

— 

1947 



m 



Oct. 6 

— 

— 


4.2 

11.2 

Oct. 7 

101 

23.0 

■91 

4.35 

11.0 


Table 4. Urinary Output of 17-Ketosteroids, Glycogenic 

CoRTICOIDS AND CrEATININE 



j 17-Ketosteroids 

Corticoids 

Creatinine 


mg./24 hrs. 

units/24 hrs. 

Gm./24 hrs. 

1946 




Sept. 25 & 26 

' 22.4 

— 

1.6 

Oct. 2 & 3 

22.8 

63 

1.7 

Oct. 9 & 10 

16.0 

74 

1.5 

Oct. 24 


- Operation 

— 

Oct. 31 & Nov. 1 

10.6 

88 

— 

Nov. 3 & 4 

12.9 

— 

— 

1947 




Oct. 7 & 9 

10.5 

— 

1.1 


Blood examinations: A glucose tolerance curve (capillary blood) was normal (Table !)• 
A complete hemogram was normal save for moderate erythrocytosis along with slight 
leucocytosis, due to an increase in all forms (Table 2). Examination of the electrolytes 
of the blood showed no abnormality (Table 3). 

Hormone excretion: The tw^enty-four hour output of 17-ketosteroids in the urine was 
moderate!}’' inereased, as shown in Table 4. Urinary glyeogenic corticoids were within 
normal limits. 
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and jittcrinos?. She was very ill at ease and anxious when in the hospital ward with 
other women, and asked ((> he ])la(;ed in a room by herself. 

The family history was noneontrihutory and there was no history of other endocrine 
disorder. The jiatient hail had one prcf;nancy resultinc in a boy now IS years old and 
alive and well. No subsequent iiresnaneics had occurred althoufrh children were desired. 

Phlisiral craminntion: The iiatient was a nervous, ai5i)rehensive woman of medium 
height and build. The body contour was masculine, the muscles of the upper and lower 
limbs stood out strongly like those of a man, and were very powerful. The voice was low 
but not entirely masculine. Hair over the scalp was thinned and there were several 
bald patches. Hair over the rest of the body was dark, thick and wiry. It grew especially 


T-vni.i; 1. GnufosK Tonun.vNCK Cuuvh — CA rn,n.\nY Bi.oon 



1946 

1947 


mg- % 

mg. % 

Fasting 

93 

67 

1 hour 

190 

124 

2 hours 

1.59 

122 

3 hours 

102 

— 

4 hours 

88 

89 

5 hours 

106 

96 

T.adle 2. Hem.atology 


1946 

1947 

RBC 

5,500,000 

4,300,000 

WBC 

10,000 

8,500 

Hb 

110% 

S4% 

Color index 

1.0 

0.9S 


on the chest, limbs and face. The breasts had lost their normal fullness and the hips were 
relatively narrow. 

There was no e^^dence of kyphosis or scoliosis of the spine, and there were no striae 
cerulae. There was no marked evidence of acne. The skin was of normal color and there 
was no li^^ditJ’ or suffusion. The ojjtic fundi and visual acuity were normal, and the 
visual fields were full. The remainder of the examination, save for a generalized hyper- 
reflexia, showed nothing abnormal. The blood pressure, measured on man 5 ' occasions, 
averaged about 130/84, and the blood Wassermann reaction was negative. 

Special examinations: Stereoscopic anteroposterior and right lateral films of the skull 
showed no evidence of an intrasellar tumor, nor was there any hyperostosis cranialis 
interna. Stereoscopic films of the lumbar spine showed minimal osteoarthritic spurring, 
but there there was no evidence of intervertebral disc disease nor of osteoporosis. X-raj" 
examination showed a normal chest. Cj'stoscop 3 '-, carried out bj' Dr. iMagnus Seng, and 
contrast pj^elograms failed to show anj' evidence of adrenal tumor. 

G 5 'necologic examination bj' Dr. G. Simpson revealed moderate hj-pertrophj' of 
the clitoris. The remaining organs were small but did not seem atrophic. No eA-idence 
of anj" large ovarian tumor could be made out. 
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tion, sat in a chair on the second day and was walking on the fourtli postoperative clay. 

Follow-xip: No clinical change was noted in the two weeks of ob.servation in the 
hospital after operation. There was, however, an almost immediate, though modest, 
drop in the excretion of 17-ketostcroids in the urine, as indicated in Table 4. 

Tile patient was re-admitted in October 1947, one jmar after operation. She then 
stated that she had first noted a mental change beginning three weeks after operation. 
She became progressively more relaxed and lost the indefinable feeling of tenseness. It 
is of interest to note that at this time no change in her ph 3 ^sical appearance was yet 




Fig. 2. Cut surface of the ovary and tumor. Bulging, soft dark tumor tissue 
occupies the center, surrounded by narrow, pale capsule of ovarian tissue. 


manifest, to make her feel less selfconscious. In two months the face began to clear of 
hair and the voice lost its huskiness. Normal menstrual periods were established ni 
three months, after an absence of almost twelve years, and continued regularly thereaftei. 
The skin became softer and smoother and hair decreased over the body and became 
finer. She gained 20 pounds in weight, mainly on the hips, thiglis and breasts. The hair 
on her head became more glossy. The striking change in appearance is shown in Figure 1. 
Libido remained low but sexual satisfaction was normal. Pelvic examination sliowec 
some remaining hj^pertrophj^ of the clitoris and moderate enlargment of the uterus. 

Gyne-cytologic examination of vaginal smears now showed normal evidence o 
endogenous estrogen with glandular and basal cells and some red blood cells and leuco- 
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A provisional diagnosis was virilism due either to adrenal cortical liyperfunction, or 
to ovarian tumor. Since both adrenals and both ovaries had to be explored, the Surgeon- 
in-Chief, Dr. Gavin Miller, elected to vise a single abdominal incision. This was done in 
order to avoid the three incisions which would have been ncccs.sarj' for exploration of the 
adrenals and iielvic organs separately. 

Opcralioti: October 2-1, 10)0. Surgeon: Dr. Gavin Miller. 

The abdomen was opened under spinal anesthc.sia by a midline incision from the 
xiivhoid almost to the symphysis. 

The right adrenal gland jvrcsenlcd no visible or palpable abnormality. The left 
adrenal apiicared to be considcrabh* enlarged. The right ovarj- measured appro.ximately 




Fig. 1. Appearance of patient immediately after operation (left) and one year later 
(right). Note change in body contour and loss of excessive hair. 


1.5 cm. in diameter and was fibrotic and calcified. The left ovarj- measured approx- 
imately 3.5 cm.; one pole was of meaty consistency, and appeared hyperemic. No other 
intra-abdominal abnormality was detected. It was not entirely clear whether a lesion 
was present in the left adrenal or left ovarj'. The left adrenal was dissected free and re- 
moved in toto. The left ovarj' and the fimbriated end of the fallopian tube were also re- 
moved. The abdomen was closed in layers without drainage, using steel wire. 

The patient’s postoperative condition was satisfactorj'. Five per cent glucose and 
plasma were administered during operation. Following operation, adrenal cortical e.x- 
tract was given, 10 cc. intramuscularly everj- four hours for three daj's, and the patient 
was kept on a low potassium diet. She sat up on the side of the bed one daj' after opera- 
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tumor tissue from the ovarian tissue. At the hilus of the ovary, the capsule of ovarian 
tissue was lacking and the tumor cells were bordered by the connective tissue of the meso- 
varium. The tumor was composed of polyhedral cells, arranged in strings, columns or 
in apparent haphazard manner. At no point in the tumor could any suggestion of tubular 
adenomatous structure be observed. A loose network of fibrous tissue accompanied the 
vessels which penetrated the tumor obliquely from the periphery. Thin spokes of fibrous 
tissue radiated from the vessels, disappearing between the cells of the neoplasm. The 
tumor cells (Fig. 4) had round or finely indented nuclei of lymphocyte size and occupied 



Fig. 4. A cell containing three characteristic crystalloids has been circled, 
Masson's trichrome stain. X640. 


about half the cell diameter. Nuclear membranes were distinct and the chromatin tended 
to be concentrated at the nuclear periphery. Most nuclei had a distinct, rather large, 
basophilic nucleolus. The cytoplasm was acidophilic, finely granular, and cell borders 
were usually sharp. In many of the cells there was a condensation of homogeneous cyto- 
plasm about the nucleus, while at the cell periphery the structure was looser and paler. 
Mitoses were rare. No pigment was noted in the cytoplasm and vacuolation was not a 
feature. Many of the cells, especially near the periphery of the tumor, contained a bar- 
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cytcs. The blood siiiiar curve was normal (Table I). The morlenitc erythrocytosis and 
Icucocytosis had disapi)earcd (Table 3). The output of 17-ketosteroid.s in the urine re- 
mained normal (Table 4). 

PATHOLOGIC EXAMINATION 

The removed ovary measured 3.7 X3 X3 cm. and wei|z;hed 10 Gm. (Fig. 2). Its c.x- 
tcrnal surface was smooth, glistcidng and pale bluish grey in color. It had a soft rubberj" 
consistency. Sections through its longest axis showed yellow-white ovarian tissue form- 
ing a capsule 2-4 mm. in thickness about a central tumor mas,s. The capsule of ovarian 



Fig. 3. ^licroscopic ajipearance of the tumor. Ovarian stroma containing thick- 
walled blood vessels occupies the upper left half of the picture and the neoplasm the lower 
right. Note absence of any fibrous capsule. Hematoxylin and eosin stain. X119. 

tissue appeared incomplete at the ovarian hilus. No cysts were grossly visible in the 
ovarian tissue. The cut surface of the tumor bulged irregularly and consisted of soft, 
rather friable red-brown tissue having a coar.sely lobular architecture. Irregular hemor- 
rhagic zones, up to 0.7 cm. in diameter, were present in the central portion. At the pe- 
riphery some of the tumor tissue showed indistinct yellow areas. 

The left adrenal was unaltered in shape. When stripped of fatty tissue, it weighed 
8.5 Gm. and measured 7x3x1. 5 cm. The cortex was deep yellow and the medulla 
red-brown, and neither was. considered grossly abnormal. 

Microscopic examination: Blocks were taken from various regions of both specimens. 
These were fixed in neutral formalin, and sections were stained with hematoxjdin and 
eosin and Alasson’s tri chrome; stains for reticulum and fat were also made. 

The capsule of the ovarian tumor was found to consist of ovarian stroma in which 
corpora albicantia but no follicles were seen. No fibrous capsule (Fig. 3) separated the 
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part of the mesoA^arium. They occur singly or in small collections, between 
the nerve fibers, or closely applied to tlie perineurium. They are usually in 
the immediate vicinity of a small blood vessel. There is considerable vari- 
ation in size and shape from cell to cell. The cells usually are polyhedral in 
outline, and sliow a tendency to be arranged in sliort columns or small 
ahmoli. They have a granular cjdoplasm, Avhich may shoAV condensation 
about the nucleus, Avliereas the periphery is more pale staining and loose. 
Cell borders are fairly distinct. Within the cytoplasm small globules of fat 
may be found, and there is often a finely granular broAvn pigment. The 
most distinctiAm, tliougli inconstant cytoplasmic inclusions are relatively 
large bar-shaped cr3^stalloids AAoth oblique ends. These occur singly or in 
groups of two or three AAu'tJiin a single cell. The crystalloid usually fills the 
length of the cell, and maj'’ be of sufficient AAodtli to push the nucleus to one 
side. As a rule, it is surrounded b^^ a clear zone of c3doplasm. Morphologi- 
cally and microchemicall3'' tliese crystalloids are indistinguishable from the 
albuminoid ciystalloids of Reinke, found in the interstitial cells of the testis. 

These cell collections liad been previousl 3 '’ observed by von WiniAvarter 
in 1910 (3) aaOio held the opinion that the3'’ Avere pheochrome elements. 
Berger has been the chief proponent of the AueAv that these cells are mor- 
phologically identical Avith the interstitial (Leydig) cells of the testis and 
has suggested that they may be the source of male liormone, Avliich can be 
extracted from the 0 Amr 3 ^ (4). 

The cells reach their fullest deAmlopment in the adult premenopausal 
ovary, but small groups of cells Avhich are probabb'" of identical nature, 
have been found in the OAmries of infants (5), and their senile remnants 
have been demonstrated in postmenopausal oAmries (2). 

We believe that the tumor in this case exhibits morphologic features 
Avhich identify it as a neoplasm of s3''mpathicotropic cells (Le3'’dig cells). 
Sympathicotropic cells are most numerous in the region of the OAmrian hilus. 
The interruption of OAmrian encapsulation of this tumor in the hilus is m 
keeping with origin from sympathicotropic cells in this region, AAuth sub- 
sequent extension into the OAmrian medulla. The cell detail and arrange- 
ment, together with the presence of the characteristic crystalloids, are 
typical of sympathicotropic cells, and argue against the possibility of 
origin from theca cells, lutein cells or adrenal rest tissue. The remoA^ecl 
adrenal exhibits no abnormal features Avhich Avarrant its consideration as 
the cause of Adrilization. 

The remarkable clinical remission folloAving the removal of the ovary 
indicates an endocrine influence ascribable, Ave believe, to the sympathico- 
tropic cell tumor Avithin it. This is in keeping Avith the suggestion by 
Berger (4) that the sympathicotropic cells of the ovary are a) morphologi- 
cally identical Avith the interstitial cells of the testis, and b) may be tlie 
source of male hormone AAdiich can be extracted from tlie ovary. 
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shaped body with oblique ends, staining an amber color in Masson’s trichromc prepara- 
tion. This structure extended to the longest diameter of the cell and in some instances 
appeared to push the nucleus to one side, compressing it into an oval shape. Usually 
these crystalloids were surrounded by a narrow clear zone. Occasional cells were seen 
containing two or three of these bodies, lying roughly parallel to one pother. In sections 
stained with haematoxjdin and cosin the crj'stalloids were acidophilic, and appeared to 
merge with the cytoplasm of the cells containing them, so as to render their identification 
extremely difficult. Reticulum stains showed a delicate reticulum extending between the 
cells of the tumor. Frozen sections, stained with Scharlach R., revealed fine lipoid drop- 
lets in some of the cells; the majority, however, were faLfrcc. 

Sections of the adrenal showed both cortex and medulla relatively broad and well 
preserved. The architecture and cellular detail of both regions were considered normal. 

On the basis of the morphology of the tumor, it was designated as a tumor of the 
sympathicotropic cells of the ovarian hilus. There was no evidence that the tumor was 
malignant. 


COMMENT 

Clinical findings: Pituitary basophilism had to be excluded in tliis case, 
This was done on the basis that certain features were lacking; viz., striae 
cerulae, osteoporosis, painful adiposity, vascular hjTJ^rtension and in- 
creased glycogenic corticoids. The moderate increase is blood elements 
was interpreted as a normal male pattern rather than a true polyc 3 i:hemia, 
and it reverted to a normal female picture after operation. The remain- 
ing features, amenorrhea, increased hair growth, clitoral hjTJertrophj’- and 
other signs of masculinization pointed to either adrenal cortical hj^perfunc- 
tion or to a ^drilizing ovarian neoplasm. We also feel that the emotional 
aberrations were part of the endocrine picture. 

This case also illustrates that a virilizing ovarian tumor is not necessarilj'^ 
associated with a greatlj'- increased excretion of 17-ketosteroids in the urine. 
The average normal 24-hour output for a woman of this age is 11.0 mg. 
as determined at our clinic (1). Our patient excreted about 20.4 mg. per 
daj’’ before operation, and a normal amount thereafter. Verj’’ high outputs 
have been described hitherto onlj’’ in cases of adrenal cortical tumors or 
hjqjerfunction. However, a normal output does not rule out either adrenal 
or ovarian tumor. 

In a case such as this, when precise localization of the tumor cannot be 
arrived at on clinical findings, it is necessarj’- to consider exploration bj"- 
means of a large abdominal incision, in order that both adrenals and 
ovaries may be investigated at the one time. 

Pathologic findings: In 1923 Berger (2) drew attention to certain cell 
groups in the hilus of the ovarj"-, which, because of their intimate associ- 
ation with sjTupathetic nerve fibres of the region, he named S3Tiipathi- 
cotropic cells. The cells occur in the hilus of the ovar 3 ^ and in the meso- 
varium, being particularl 3 ’^ frequent in the rete ovarii, and in the median 
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Addendum 

Since this article was submitted for publication, a report of two similar 
cases has been published by ‘William H. Sternberg {Am. J. Path. 25: 493 
(May) 1949). 
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It seems to us a(lvisat)lc to separate this ovarian tumor from tiic ratlicr 
heterogeneous group of “arrhenoblastomas,” and to apply to it the desig- 
nation indieating its cells of origin. In doing so we have adhered to the 
name originally applied by Berger (2). It would perhaps be justifiable to 
refer to such tumors as Leydig cell tumors, or interstitial cell tumors of the 
ovary, names, which may be more indicative of the true nature of the 
cells. However, until a sufTicient number of cases have been recorded for 
accurate analy.ris, it seems to be advisable to retain the de.signation of 
sympathicotro]iic cell tumor, which appears to have chronologic priority 
over other terms. 

It is interesting to note that Selye (6), in discussing “arrhenoblastomas” 
states: “It is quite possible that the degree of Lej^dig cell development 
within the tubular adenomas could account for the virilization seen in 
some cases, but this has not yet been proven.” The present case, in which 
no tubular structure was observable, appears to be in line with such a sup- 
position. 

Sympathicotropic cell tumors with virilization have been reported pre- 
viously by Berger (4) and Dreyfus and Barrozo do Amaral (7). Berger’s 
case was a woman of .50 years, who had symptoms of facial hjT>ertrichosis, 
male pubic escutcheon, deep, hoarse voice, atrophy of the breasts, and 
marked enlargement of the clitoris, but who had a normal menstrual 
cycle. The symptoms had been present for eighteen years, but showed 
significant regression after removal of her uterus and ovaries for uterine 
fibromata. 

Berger expresses the opinion (8) that the tumors described b 3 ' Cosacesco 
et al. (9) and bj' Giordano and Haj^mond (10), whose sections he has ex- 
amined, are derived from the same cells. 

In discussions of masculinizing ovarian tumors, neoplasms of sj’mpathi- 
cotropic cells are rarety mentioned. 

Since so few cases of this rare neoplasm have been reported, it is felt 
that the addition of the present case ma}"^ help to establish it as an entit 3 \ 

SUMMARY 

Clinical and pathologic features of a case in which there was a tumor 
of the ovarian sj'^mpathicotropic cells are described. Attention is drauTi 
to the fact that this rare neoplasm is fi'equentty overlooked in considera- 
tion of virilizing ovarian tumors. 
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Taelk 1. Obskuvations -whigii Suggest a Possible Relationship of Sex 
Hormones to Gout and to Urate JMetabolism 
(Tlic observations on -wbicli these statements arc based are 
reviewed in detail elsewhere (3, 4, 5, 6).) 


1. Most reported series of gout jiaticnts consist from 75 to 95 per cent of men. 

2. Eunuclis are rejnitcd to be free from gout. 

3. In women, gout gcnerall}'’ does not have its onset until sliortly before or at the meno- 

pause. 

4. In preinenopausal gouty women, attacks of gouty arthritis frequently are reported to 

begin at the menses. 

5. The average plasma urate level of normal adult men is higher than that of normal 

adult women. 

6. The average plasma urate of gout 3 ’’ men is higher than that of gouty women. 

7. In normal children, the average jilasma urate level is lower even than that of normal 

adult women. The sex diflerential in plasma urate appears at puberty and is not 
present in normal children. 

8. Men who inherit asjunptomatic hjqieruricemia do not generall}’- show elevated urate 

levels until after ]nibert 3 L 

9. Women who inherit as 3 ''mptomatic h 3 '^peruricemia do not generally show elevated 

urate levels until, or shortl 3 '' before, the menopause. 


Methods for determining 17-ketosteroids which do not include the sepa- 
ration of the neutral ketonic fraction with Girard T reagent may give re- 
sults higher than those reported here. The Girard T separation eliminates 
nonketonic chromogens which are apparently disproportionately high m 
the urine of gouty patients. 

RESULTS 

17-ketosteroid excretion in gout: Table 2 shows the greatly diminished 
output of 17-ketosteroids observed in all 11 gout patients. The average of 
3.24 mg./per day for the 10 men in this table is about one-third of the 
minimum normal value. We know of no other reported study of ketos- 
teroid excretion in gout,^ but Dr. William Wolf has told one of us (W.Q.W.) 
of observing moderately reduced 17-ketosteroid excretion in this disease. 

The 5 male patients 3vhose age was over 45 years had a mean daily 17- 
ketosteroid excretion of 2.79 mg. The 5 younger gouty males had a mean 
output of 3.64 mg. The known decline in ketosteroids with age (9) pre- 
sumably accounts for this small difference. 

1 Urinar 3 '- androgens were estimated biologicalbq but 17-ketosteroids were not deter- 
mined in the patient with male pseudohermaphroditism (?) and t 3 '^pical gout reported b}' 
Rosenberg in 1942(7). Such patients are ordinaril 3 '' found to have 17-ketosteroid outputs 
and urinar 3 r androgen excretory levels considerably above normal. The urinar 3 '^ androgen 
activit}’- in tliis patient was equivalent to 2-8 mg. of androsterone per da 3 L This is 
within normal limits for normal adult males, but distinctly low for patients of this 
t3^pe (S). 


AN ENDOCRINE FINDING APPARENTLY 
•CHARACTERISTIC OF GOUT: 

VERY LOW URINARY 17-KETOSTEROID EXCRETION WITH 
CLINICALLY NORMAL ANDROGENIC FUNCTION* 

W. Q. WOLFSON, H. S. GUTERMAN, M.D., R. LEVINE, 

M.D., C. COHN, H. D. HUNT, M.D. .vnd E. F. 

ROSENBERG, :M.D. 
with the technical assistance of 
K. KADOTA, B.S. axd L. TURNER, B.S. 

From the Department of Biochemistry,** and the Department of Metabolic and Endocrine 
Research,** Medical Research Institute, Michael Reese Hospital; the Arthritis Clinic 
and the Division of Medicine, Michael Reese Hospital, Chicago; and the De- 
partment of Internal Medicine, Albany Medical College, Albany, N. Y. 

W E HAD speculated on the role of androgens (Table 1) and other 
hormones in gout but deferred study of the problem because most 
gout patients are free of obvious endocrine disease. One of our gout pa- 
tients, a vigorous alert 59-year-old tavern keeper, who complained of im- 
potence and hair loss on the forearms, was then found to have a urinary 
17-ketosteroid excretion of only 0.7 mg./day. In current endocrine theory, 
this finding implies either failure of both gonadal and adrenal androgen 
production, or a more obscure disturbance in steroid production or metab- 
olism. This observation led to the survey of a group of gout patients re- 
ported here. Unusually low values for 17-ketosteroid excretion were found 
in all patients studied. An attempt will be made to explain this finding 
by detailed consideration of the various known causes for very low 17-ketos- 
teroid outputs. 


Material and Methods 

The data were chieflj'^ obtained from study of the 11 patients listed in 
Table 2. Data from other patients seen during the past few 3 '’ears have been 
quoted in the discussion. Certain other investigators, whose aid is acknowl- 
edged elsewhere in the text, have pro\’ided important related data. 

The urate values are for total urates, determined colorimetricallj^. Nor- 
mal values do not exceed 6.2 mg. per cent (1). 17-Ketosteroids were estimat- 
ed by the procedure of Talbot, Butler and MacLachlan (2). 

Received for publication November 30, 194S. 
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Table 1. Observations which Suggest a Possible Relationship of Sex 
Hormones to Gout and to Urate Metabolisai 
(The observations on which these statements are based are 
reAuewed in detail elsewhere (3, 4, 5, 6).) 


1. Most reported series of gout patients consist from 75 to 95 per cent of men. 

2. Eunuchs are reputed to be free from gout. 

3. In women, gout generally does not have its onset until shortly before or at the meno- 

pause. 

4. In premenopausal gouty women, attacks of gouty arthritis frequently are reported to 

begin at the menses. 

5. The average plasma urate level of normal adult men is higher than that of normal 

adult women. 

6. The aAmrage plasma urate of gout}’’ men is higher tlian that of gouty women. 

7. In normal children, the average plasma urate level is lower even than that of normal 

adult women. The sex differential in plasma urate appears at puberty and is not 
present in normal children. 

8. Men who inherit asymptomatic hyperuricemia do not generally show elevated urate 

levels until after puberty. 

9. Women who inherit asymptomatic hyperuricemia do not generally show elevated 

urate leA'^els until, or shortly before, the menopause. 


Methods for determining 17-ketosteroids which do not include the sepa- 
ration of the neutral ketonic fraction with Girard T reagent may give re- 
sults higher than those reported here. The Girard T separation eliminates 
nonketonic chromogens which are apparently disproportionately high in 
the urine of gouty patients. 

BESULTS 

17-ketosteroid excretion in gout: Table 2 shows the greatly diminished 
output of 17-ketosteroids observed in all 11 gout patients. The average of 
3.24 mg./per day for the 10 men in this table is about one-third of the 
minimum normal value. We know of no other reported study of ketos- 
teroid excretion in gout,^ but Dr. William Wolf has told one of us (W.Q. W.) 
of observing moderately reduced 17-ketosteroid excretion in this disease. 

The 5 male patients whose age Avas OAmr 45 years had a mean daily 17- 
ketosteroid excretion of 2.79 mg. The 5 younger gouty males had a mean 
output of 3.64 mg. The knoAvn decline in ketosteroids Avith age (9) pre- 
sumably aceounts for this small difference. 

^ Urinar}'- androgens were estimated biologically, but 17-ketosteroids were not deter- 
mined in the patient with male ])seudohermaphroditism(?) and typmal gout reported by 
Rosenberg in 1942(7). Such patients are ordinarily found to have 17-ketosteroid outi)Uts 
and urinary androgen excretory IoatIs considerably above normal. The urinary androgen 
activity in this patient was equiATlent to 2-S mg. of androsterone per day. This is 
Avithin* normal limits for normal adult males, but distinctly low for patients of this 

type (8). 
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Abnormally decreased ketosteroid excretion occurred both during acute 
gouty arthritis and in asymptomatic interval gout. It would appear that 
neither the activity of tlie disea.^e nor the severity of the constitutional 
reaction are responsible for the low ketosteroid output. 

17-]:c(ostcroid excretion in non-gouty hyperuricemia : We attempted to de- 
termine if the diminished 17-ketosteroid output was a direct consequence 
of hyperuricemia. Table 2 shows that 3 of 4 relatively healthy subjects 


Tabi.k 2. B.vsic D.vta on Gout Patiknts Studiud for Hormonau Status 
AND on Patiknts with Xon-Gouty Hyperurickmia 


Patient 

So:: 

.Vge, 

j-i'ar'« 

Height, 

inches 

Weight, 

pound.*? 

.\veragc 

serum 

urate, 
niK. % 

B.M.n. 

e-* 

/o 

17-keto5- 
teroid'5, 
mg./24 hrs.* 

Glomerular 

filtration 

rate, 

cc. per 
minute per 
1.73 sq. M. 

Hepatic 

function 

tests** 

Chronir oouty arthriiin^ 

M.J. r 

O.T.t M 

remission 

4S 59 

59 GO 

1.33 

IGS 

1.3.3 

12.1 

+12 
-- 5 

0.07 

0.06 

54 

72 

Xormal 

Normal 

IntcTTol cout 










S.K. 

M 

49 

71 

105 

7.7 

+ 3 

0.69 

90 

Normal 

W.s. 

M 

51 

06 

100 

9.4 

— 

3.60 

75 

Normal 

H.N. 

M 

49 

54 

144 

7.6 

— 

5.90 

86 

Normal 

M.P. 

M 

43 

69 

132 

7 .7 

+ 5 

6.60 

74 

Slight impairment 

E.W. 

M 

23 

70 

178 

6.6 

— 

1.74 

116 

Normal 

.A.S. 

M 

43 

72 

190 

8.4 

— 

2.25 

— 

Normal 

Acute oouty arthritis 









M.K. 

M 

37 

70 

270 

10.5 

-9t 

2.24 

— 

Normalt 

r.h. 

M 

44 

6S 

200 

7 2 

— 

5.35 

— 

Norm alt 

B.V. 

M 

54 

OS 

ISO 

10.2 

— 

3.02 

— 

Normalt 

Average, all gout 










patients 


4o 

GS 

l7o 

0.2 

1 

S.OO 

SI 


Xon’Oouty hyperuricemia 








TOB.f 

M 

36 

71 

246 

7.5 

+ s 

4.3 

— 

Normal 

KWI.f 

M 

39 

6S 

290 

7.1 

— 

12.0 

— 

Normal 

WOL.j 

:m 

30 

73 

215 

6.4 

— 5 

10.0 

121 

Normal 

SCH.§ 

M 

39 

67 

145 

6.3 

— 

18.5 

107 

Normal 


* Normal values for urinarj* 24-hour IT-ketosteroid excretion: 

Females: 7 .0 to 12 ,0 mg. per 24 hours, 
stales: 9.0 to 25.0 mg. per 24 hours. 

** The group of tests used included: serum bilirubin, serum total protein and protein fractionation, serum cholesterol 
and cholesterol partition, thymo, turbidity, thymol flocculation and cephalin-eholesterol flocculation. In some ca.«es, 
colloidal gold flocculation, alkaline phosphatase and bromsulfalein clearance were also determined. *Yorma/ indicates no 
abnormal result on any test. 

t Complaints of impotence and hair loss on forearms; aroospermia found. Good response of both complaints to ad- 
ministration of testosterone propionate, 25 mg. parenterally, three times weekly, in about 6 weeks. 

t These determinations were carried out during the interval stage. 

7 Diagnosis: possible hypothalamict?) bj’peruricemia. This diagnosis is applied to a group of 7 patients in whom 
unexplained hyperuricemia has accompanied signs and symptoms suggestive of h5TX)thalamic disorder. The sjTnptoma- 
tologj' has included: obesity (7 patients), R.B.C. over 5.0 million (5 patients), h3*persomnia (5 patients). Additional 
findings in indi\'idual patients have been: hj^percholesterolemia (326 mg. %), electrolj*te changes resembling those of 
Cushing s sj’ndrome, intermittent hj'pochloremia, familial pitressin-resistant diabetes insipidus with normal renal func- 
tion tests, unexplained eosinophilia and IjTnphocytosis, habitual oliguria, and sjmdactylj’.Acase resembling IvWIhas 
recentlj' been published bj* ^lussio Fournier and Proto (10). 

§ Cj’stinuria, familial. 
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with non-gouty hyperuricema excreted normal amounts of ketosteroid. 
The size of the group and the degi’ee of elevation of plasma urate are not 
optimal because of the relative infrequency of suitable subjects. The results 
do suggest that 17-ketosteroid excretion is not necessarily diminished in 
non-gouty hyperuricemia. 

Table, 3 . In Males with Rheumatoid Arthritis or Spondylitis, 

Average Daily 17-Ketosteroid Excretion Is 
Not So Low As in Gout 

(Data on patients with rheumatoid arthritis and with spondylitis are. unpublished re- 
sults made available by Dr. A. P. Forbes and Dr. W. S. Clark of the Massachusetts 
General Hospital, Boston. For the purposes of classification, the one male and the one 
female patient with chronic gouty arthritis in remission have been considered to be in 
the interval phase.) 




Males 


Females 


Num- 

17-ketosteroids 

Num- 

17-ketosteroids 


ber 

mg./24 hrs. 

ber 

mg./24 hrs. 

Normal Adult, average values 





Massachusetts General Hospital 

— 

12.5 

— 

8.2 

Michael Reese Hospital 

. 

12.0 

— 

9.0 

Rheumatoid Arthritis (Massachusetts General Hospital) 



Rheumatoid polyarthritis 

4 * 

9.7 

11 

4.6 

Rheumatoid spondylitis 

3 

10.5 

1 

5.2 

All cases 

7 

10.0 

12 

4.7 

Gout (Michael Reese Hospital) 





Interval gout 

7 

3.1 

1 

0.7 

Acute gouty arthritis 

3 

3.5 

— 

— 

All cases 

10 

3.2 

1 

0.7 


* The 17-ketosteroid outputs in two men with minimal constitutional signs were 11.0 
and 11.0 mg. ]ier 24 hrs. respectively. The two remaining patients, with more severe 
constitutional signs, had average 17-ketosteroid outputs of 10.5 and 6.4 mg. per 24 
hours. 

17-ketosteroid excretion in rheumatoid arthritis: It appeared important 
to compare the ketosteroid excretion of gouty men with that of men 
with rheumatoid arthritis and spondylitis to see whether diminished 17- 
ketosteroid excretion was specific for gout. Tlii.s Avas made possible Avlien 
Dr. Anne P. Forbes and Dr. William S. Clark of tlie Mas.sachu.setts General 
Hospital A'eiy generously made their unpublished observations aAmilable. 

Table 3 summarizes comparatiA'e findings in gout and rheumatoid ar- 
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Abiiorinally (lecreasccl kclosteroid excretion occurred both during acute 
gouty arthritis and in asymptomatic interval gout. It would appear that 
neither the activity of the disease nor the .severity of the constitutional 
reaction are responsible for the low ketosteroid output. 

17-kc{nslcroi(I excretion in non-gonlij hyperuricemia: ^Ye attempted to de- 
termine if the diminished 17-ketosteroid output was a direct consequence 
of hyperuricemia. Table 2 shows that .3 of 4 relatively healthy subjects 

T.viii.r. 2. Basic Data on Gout Patiknt.s Studied fou Hormonal St.vtus 
AND ON Patiknt.s with Non-Gouty IIvi’eruricemia 


Patient 

Por: 

.\gc, 

years 

Height, 

inches 

Weight, 

p^mnds 

Average 

«erum 

urate, 

mK. 7o 

B.M.R. 

% 

17-keto3- 
teroids, 
mg./24 hrs.* 

Glomerular 

filtration 

rate, 

cc. per 
minute per 
1.73 sq. M. 

Hepatic 

function 

tests** 

Chranir Q 0 \tt*j 

remission 







M.J. 

r 

4S 

51) 

1.33 

13.3 

-rl2 

0.67 

54 

Xormal 

O.T.t 

M 

59 

G6 

IGS 

12.1 

— 5 

0.96 

72 

Xormal 

Interval tjoul 










S.K. 

.M 

40 

71 

1G5 

7.7 

+ 3 

0.60 

00 

Norma! 

W.S. 

M 

51 

CG 

ICO 

9.4 

— 

3.60 

75 

Normal 

H.N. 

.M 

49 

54 

144 

7.6 

— 

5.90 

86 

Normal 

M.P. 

M 

43 

69 

132 

7.7 

-f- 5 

G.CO 

74 

Slight impairment 

E.W. 

M 

23 

70 

178 

6.6 

— 

1.74 

116 

Normal 

A.S. 

M 

43 

72 

190 

8.4 

— 

2.25 

— 

Normal 

Acute oouty artfiritis 









M.K. 

M 

37 

70 

270 

10.5 

0 

1 

2.24 

— 

Normal^ 

R.II. 

M 

44 

CS 

200 

7.2 

— 

5.35 

— 

Normalt 

B.V. 

M 

54 

68 

180 

10.2 

— 

3.02 

— 

Normalt 

Arerage, all gaut 









patients 


is 

€S 

17o 

0.2 

1 

5.00 

SI 


Xon-gouty hi/pemrieemia 








TOB.f 

M 

36 

71 

246 

7.5 

s 

4.3 



Normal 

KWI..- 


39 

63 

290 

7.1 

— 

12.0 

— 

Normal 

WOL.; 

M 

30 

73 

215 

6.4 

- 5 

10.0 

121 

Normal 

SCH.§ 


39 

67 

145 

6.3 

— 

18.5 

107 

Normal 


* Normal values for urinary 24-hour 17-ket03teroid excretion: 

Females: 7.0 to 12.0 me. per 24 hours- 
Male.s; 9.0 to 25.0 mp. per 24 hours. 

** The group of te.sts u^-ed included: serum bilirubin, serum total protein and protein fractionation, serum cholesterol 
and cholesterol partition, thymo, turbidity, thymol flocculation and cephalin-cholesterol flocculation. In some ca.«es, 
colloidal gold flocculation, alkaline phosphatase and brom.sulfaIcin clearance were al.«o determined. Sormal indicates no 
abnormal result on any test. 

t Complaints of impotence and hair loss on forearms; azoospermia found. Good response of both complaints to ad- 
ministration of testosterone propionate, 25 mg. parenterally, three times weekly, in about 6 weeks. 

X These determinations were carried out during the interval stage. 

f Diagnosis: possible hj'pothalamicf?) hj-pcruriccroia. This diagnosis is applied to a group of 7 patients in whom 
unexplained hyperuricemia has accompanied sign-sand symptoms auggestiveof hypothalamic disorder. The symptoma- 
tology has included: obesity (7 patients), R.B.C. over 5.0 million (5 patients), hypersomnia (5 patients). .Additional 
findings in indiN-idual patient.s have been: hypercholesterolemia (326 mg. %), electroij'te changes resembling those of 
Cushing s syndrome, intermittent hypochloremia, familial pitreesin-resistant diabetes insipidus with normal renal func- 
tion tests, unexplained eosinophilia and Ijinphocytosis, habitual oliguria, and sjmdactyly. A case resembling KBT has 
recently been published by ^lussio Foxirnier and Proto (10). 

§ Cystinuria, familial. 
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In gout, 17-ketosteroid excretion is low even during the interval stage 
when the disease is apparently completely quiescent, except for hyperuri- 
cemia. Comparable male patients with rheumatoid arthritis of low activity 
have normal ketosteroid outputs. The presence of diminished 17-ketosteroid 
outputs in all stages of activity would appear to be peculiar to gout. 

Other causes of very low 17-ketosteroid outputs: Table 4 summarizes rele- 
vant conditions which regularly produce 17-ketosteroid outputs below about 
2.5 mg./day, and groups these causes according to the responsible under- 
lying disturbance in function. In females virtually all androgen originates 
in the adrenal cortex and decreased ketosteroid excretion implies decreased 
adrenal androgen production or a metabolic abnormality. In males, andro- 
gen is produced by both testis and adrenal. Ketosteroid outputs below 2.5 
mg./day, in the absence of an anomaly of metabolism, result only from 
decreased androgen production by both these glands (14-17). 

Five men and the one woman in our series liad 17-ketosteroid outputs 
below 2.5 mg. per day. In at least these 6 patients, one may assume the 
cause to be either deficiency in both adrenal and gonadal androgen produc- 
tion, a qualitative abnormality in the pattern of steroids produced, or a dis- 
turbed intermediate steroid metabolism. Each of these possibilities will be 
considered. 

Adrenal, pituitary and thyroid insufficiency: The average daily excretion 
of 17-ketosteroids is regularlj'- below 2.5 mg./day in panhj^popituitarism, 
in females with Addison’s disease, in those males with Addison’s disease 
in whom hypogonadism develops, and in severe hypotliyroidism or nij'^xe- 
dema (15, 16, 18- through 31). 

Table 5 compares certain clinical and laboratoiy findings in adrenal, 
thyroid or pituitary insufficiency with those in interval gout. This table 
indicates that the diminished 17-ketosteroid excretion in gout cannot be 
referred to thyroid, pituitary, or adrenal failure. 

Liver function: 17-ketosteroid excretion is decreased in severe chronic 
liver disease, probably as a result of a number of endocrine mechanisms 
(30, 32). ' 

Table 2 summarizes the results of testing the 11 gout patients witli 
a battery of sensitive liver function tests. Witli one minor exception, the 
re.sults were entirel}" normal, a finding consistent witli tliat obtained wlien 
we applied the same tests to a larger group of gout patients (33). In general, 
the re.sults indicated that abnormalities in hepatic function were unusual 
in gout unless complicating disea.se were present. 

Normal re.sult.s with function tests did not eliminate the po.ssibility that a 
.specific enzymatic deficiency of the liver might have re.sultcd in disturbcrl 
steroid metabolism and in low ketosteroid outputs. Fortunately a direct 
test of this po.ssibility was available. Following intramuscular injection of 
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TAni.K 4. Conditions Associated with Very Low 
17-Ketostehoid Excretion 


DECREASED I'RODUCTION OF 17-KETOSTEROID PRECURSORS 


Associated with decreased 1 1-oxijsteroid production 

1. Pituitary failure 

2. Severe hypothyroidism and myxedema 

3. Adrenal failure in females 

•1. Adrenal plus secondary gonad failure in males* 
5. Severe hepatic dysfunction 

Associated with increased 1 1 -oxystcroid production 

1. Cushing’s sj’ndromc; some cases** 

2. Alarm reaction, “resistance stage” 


ABNORMAL TYPE OF STEROID PRODUCTION OR METABOLISM 


Normal precursor not converted to 17-ketosteroid 
1. Severe hepatic dysfunction 

? Androgen produced not 17-l:etosteroid precursor? 

1. Arrhenoblastoma, some cases 

2. Some cases of hirsutism in femalesf 


* Pure testicular failure is not included in this table, since it is not believed to result 
in 17-ketosteroid outputs below 50% of minimum normal values. 

** Cushing’s sjmdrome actually seldom leads to verj' low values. However Albright 
(13) has argued for a primarj- increase in oxysteroid and decrease in ketosteroid pro- 
duction, making Cushing’s sj-ndrome analogous to the “resistance stage.” He explains 
the normal to moderate elevation in ketosteroid e.xcretion of manj’ patients either as 
compensatorj' or, in the case of tumors, as mixed tj'pes of sjTidromes. 

t The status of pure hirsutism without A-irilization as an androgenic manifestation 
is not firmly established. Hypersensitivit 5 ' of the end-organ might be responsible. iMore- 
over, some t 3 ’^pes of hirsutism occur in Cusliing’s sjmdrome when no other suggestion of 
•virilization is present. 

thritis. The tendency of gouty men to have loiver 17-ketosteroid outputs 
than men ivith rheumatoid spondylitis or polyarthritis is apparent. The 
values in rheumatoid arthritis are consistent ivith those reported bj’- DaYu- 
son, Koets and Kuzell (11), ■whose data even suggest that ketosteroid ex- 
cretion is occasionallj’^ liigh in rheumatoid artluitis.- 

- Perdersen-Bjergaard and Tpnnesen (12) haA'e recentlj' reported resultsof urinarj' an- 
drogen assaj's bj’ the capon comb method in A'arious groups of male patients, including 17 
Avith chronic rheumatoid arthritis. Normal A-alues were found to be from 5 to 25 C.U./24 
hrs. Men with prostatic hj’pertrophj’ and impotence had outputs 'within the normal 
range. The aA’erage androgen excretion in patients ■with rheumatoid arthritis was low, 
being approximate^' 5 c.u./daj*. It did not exceed S c.u./daj' in anj* of the 17 analj’ses. 
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50 mg. of testosterone propionate, normal males excrete 14 to 70 per cent as 
extra urinary ketosteroid within seventy-two hours. Inability to convert in- 
jected testosterone to ketosteroid is one of the abnormalities responsible 
for low ketosteroid excretion in cirrhotics. In 4 patients with Laennec’s cir- 
rhosis, Lloyd and Williams (32) recovered only 0 to 7 per cent of the in- 
jected testosterone as ketosteroid in the seventy-two hours after adminis- 
tration. 

Table 6. 17-Ketosteroid Excretion Following Injection of 50 mg. of 
Testosterone Propionate Showed No Abnormality in the 
Conversion of Androgen to 17-Ketosteroid 

(Normally, 14 to 70 per cent of the injected material is recovered as urinary 17- 
ketosteroid within 72 hours of the time of injection. The average increase in urinar}'- 
17-ketosteroids per day during this postinjection period is normally between about 3 
and 12 mg./day when estimated on the pooled 72-hour specimen. Urine samples in 
the two experiments below were only 48-hour collections, but despite this, the recoveries 
were normal.) 



17-Ketosteroid excretion 

Recovery 


Before 

testosterone 

After 

testosterone 

Per cent 
in 48 hrs. 


mg. per day 

mg. per day 


Patient O.T. 

1.0 

10.0 

36% 

Patient S.K. 

0.7 

10.3 

38% 


Table 6 summarizes results obtained when 50 mg. of testosterone pro- 
pionate was administered intramuscularly to 2 gouty men whose basal 
17-ketosteroid excretions were 1.0 mg. per day or less. The normal re- 
coveries of 36 per cent and 38 per cent in forty-eight hours indicate unim- 
paired ability to convert testosterone to ketosteroids. 

Renal Junction: Renal function was sufficiently well preserved to render 
“retention” of 17-ketosteroids unlikely. Glomerular filtration rate aver- 
aged 81 cc. /min. /1. 73 sq.M. (Table 2), which is somewhat higher than the 
avei’age value of 64 cc. /min. /1. 73 sq.M. obtained in 20 unselected gout 
patients (unpublished data). This value represents only moderate renal im- 
pairment and is accompanied neither by clinical signs and s 3 '’mptoms of 
renal insufficiencj’ nor b}" biochemical evidence of renal impairment such 
as elevations in serum urea or inorganic phosphate. The results of the tes- 
tosterone injections, noted above, also suggest that w'hen ketosteroids 
actual!}^ were produced, thej’’ could be excreted without difficultjL 
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Tahij; 5. SoMi: Oiiskuvations 'Which Indicath That the Low 17-Ketosteroid 
Oetputs of Patients with Gout Cannot he Explained as 
Thyuoii), Aduf.nal, oh Pituitary Failure 

(The stiiteniciit conccriiinf; life expectancy in gout as compared with the non-gouty 
obese may he deduced hy comiiaring Bauer and Klemperer’s remarks on the prognosis 
of gout (34) with those of Evans on the prognosis of obesity (35). For a recent, but 
characteristic, statement on the accompli.shments of the gout}', see McCracken, Owen 
and Pratt (30). The table deals with the findings in interval gout, because no complicat- 
ing inflammatory lesion is jircsent in these patients.) 


Some signs and sym])toms of thyroid, 
adrenal, or ])ituitary failure 

Findings in interval 
gout patients 

1. .-Vnorexia 

Obesity usual; average 20 pounds over 
weight (37) 

2. Asthenia 

Unusual vigour and accomplishment usu- 
ally noted by reviewers (36) 

3, Hypotension 

Hypertension in about 50 per cent (37) 

4. Fasting hypoglycemia 

Never reported. Diabetes mellitus in about 
2 to 6 per cent 

5. Tendency to Addisonian crisis 

Never reported 

6. Decreased life expectancy 

Life expectancy equal to that of equally 
obese non-gouty 

7. Addisonian pigmentation 

NeA'er reported 

S. Tendency to increased serum potas- 
sium, diminished sodium and chloride 

Not present ((3S), p. 96, table 1) 

9. Decreased B.^I.R. 

B.M.R. is normal (Table 1) 

10. Hypercholesterolemia (chiefly in hy- 
poth}Toidism) 

Serum cholesterol is usually normal in in- 
terx'al gout (33) 

11. Anemia 

Average values; R.B.C. 5.08 million, he- 
matocrit 46, hemoglobin 15.7 Gm. per 
cent (37) 

12. Lymphocytosis 

A^'erage values: 26.7 per cent of total leu- 
koc}'tes; 1924 per cu. mm. (37) 

13. Tendency to eosinophilia 

Average values: 2.6 per cent of total leu- 
koc}"tes; 181 per cu. mm. (37)* 


Slide differential 
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day in the male cannot be explained solely as testicular deficiency but 
must be interpreted as dual failure of adrenal and gonadal androgen pro- 
duction, or as resulting from an abnormal pattern of steroid secretion or 
metabolism (14-17). All low outputs in the female must be referred to de- 
ficient adrenal androgen production or to metabolic error. Six patients in 
this series were found to have a 17-ketosteroid excretion below 2.5 mg./day. 

Pituitary insufficiency, Addison’s disease in females, Addison’s disease 
with secondary testicular failure in males, and severe hypothyroidism reg- 
ularly produce comparable decreases in 17-ketosteroid output. There are, 
however, no findings in gout which suggest obvious adrenal, pituitary, or 
thyroid insufficiency. We also considered the possibility that hepatic 
impairment, either generalized or as a specific enzyme deficiency, might be 
responsible. A battery of sensitive liver function tests gave no evidence of 
diffuse hepatic impairment in these or other gout patients (33). Testosterone 
propionate, administered parenterally, was recovered as urinary ketos- 
teroid in the usual amounts. Since testosterone is now believed to be the 
most important physiologic androgen (41), normal recoveries after in- 
jection appeared to eliminate an isolated hepatic enzyme defect which 
might prevent metabolism of testosterone to ketosteroid. Renal function 
was sufficiently well preserved to render unlikely the theoretical “reten- 
tion” of 17-ketosteroids. 

A remaining possibility is that the endocrine situation in gout corre- 
sponds to the “resistance stage ” of Selye’s general adaptation syndrome 
(42). The “resistance stage” may be roughly defined as the phase of con- 
valescence from acute injury or the state of dynamic equilibrium during 
chronic injury or disease, in which the organism manifests increased toler- 
ance to a repetition or to an increase in intensity of the original injurious 
stimulus. It is partially characterized by increased corticoid (glycocorti- 
coid, 11-oxysteroid) production and excretion, and by a concomitant re- 
duction in 17-ketosteroid production and excretion (20, 24, 26, 27, 28, 
29, 31). 

Patients who exhibit the characteristic steroid excretion pattern of the 
“resistance stage” are generally clironicalb'' ill or are convalescing from 
severe illness or operation. The gout patient, on the other hand, may exhibit 
his characteristic low 17-ketosteroid excretion during tlie interval phase 
when he is apparentl}^ entirelj’’ well, except for h 3 ^peruricemia. Good 
health alone does not prove the ab.sence of “resistance stage” endocrine 
status in interval gout, .since the gouty conceivably might exemplify good 
adjustment to chronic injury. 

We have reported preliminaiy attempts to evaluate this problem iii- 
directlv b}' studj' of a number of metabolic variables known to reflect t he 
rate of adrenocortical gh'cocorticoid production (37). This and other re- 
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Biologic, nudrogcn nclivilij: 17-kctostcroicls are not the sole end-product 
of andropen inotaholism: and, in addition, certain 17-ketosteroid precur- 
sors, such as cliocholanolono, arc not potent androgens. Nevertheless, an- 
drogenic function and 17-kctosteroid excretion are moderately well corre- 
lated under most circumstances, and a 17-ketosteroid output of less than 
2.0 mg. per day in a mature adult man will generally be associated with 
obvious evidence of deficient androgen activity. 

There is little about gout as a disease (Table 1), or about the gouty as 
individuals, to indicate that their diminished ketosteroid excretion actually 
is a.^^sociated with the expected hypogonadism. The onlj' two reports of 
hypogonadism in gout are those of Lichtwitz (.39) and of Hench (40), but 
neither case can l)e considered .spontaneous In^pogonadism. In the former, 
hypogonadism followed eight years of .severe polycythemia vera and, in 
the latter, mumps orchitis during adolescence was apparently responsible. 

Good evidence indicated that the patients had had normal gonadal 
function throughout most of adult life and some findings suggested that it 
remained normal when the low 17-ketosteroids were found. Nine of the 10 
men were married. Six of the married men had children: 2 had one child 
each, 3 had two children each, and 1 had four children. Five of the 9 men 
over 30 exhibited definite advanced bitemporal baldness, wliile 1 showed 
a milder degree. Creatine and creatinine excretion were studied in 6 men 
(Table 7). The creatinine coefficient, an index of functional muscle mass, 
averaged 21.1 mg./Kg./day, well within the normal limits of 20 to 26. Sig- 
nificant creatinuria of above 1.0 mg./Kg./day was absent in 4 of the 6 pa- 
tients. These observations are presumptive e\’idence for normal androgenic 
status rather than absolute proof. Further documentation in the form of 
sperm counts, FSH assa3\s, androgen outputs and similar data is now being 
sought. 

DISCUSSION 

The data detailed in this article may be summarized briefl3^ In gout, the 
average daily outputs of urinary 17-ketosteroids are below half of the 
minimum normal values. Tliis decrease appears not to depend to an3^ im- 
portant extent upon the stage of the disease, or upon the age of the pa- 
tient. It is present in entirelj'' asj'^mptomatic patients with interval gout. 
Since it does not uniformlj^ occur in non-gouty hj'peruricemia, it maj’ not 
be a necessarj’^ consequence of hyperuricemia. Low 17-ketosteroid outputs do 
not occur in men with mild rheumatoid arthritis. The decreased ketosteroid 
excretion is therefore a property of gout itself and not a general phenomenon 
of the arthritides. 

Decreased 17-ketosteroid excretion in gout is not satisfactority explained 
bj’- anj"- of the currentty accepted mechanisms. Outputs below 2.5 mg. per 
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Table 7. Some Biologic Indices of Androgen 
Activity in Gout Patients 

(Fertility data, particularly in regard to children born after the onset of clinical 
symptoms, are partly those assembled by Dr. C. W. Cotterman from unpublished data 
of Smyth, Cotterman, and Freyberg. The table includes male patients only; female 
patients will be discussed in a later communication.) 


Married? 

If married, any children? 
Any children born after o 
Bitemporal baldness? f 
Significant creatinuria?t 


Creatinine coefficient 

Average, normal adult males 
Average, 13 gout patients 


Fertility of male gout patients 

Number of children 

0 

' 1 

2 

3 

4 

5 

6 

7 

Average number of children per patient: 1.9 

* The average age at the first reported gout attack was 41 years, an unusually late 
age. It would seem probable that some of the patients may not have recalled their very 
first attack, hence that the number of patients siring children after the first attack 
is underestimated in this table. 

t Well established baldness in 33; thinning to mild in 17. 

i Defined as an excretion of creatine in e.xcess of 1 .0 mg. per Kg. per day. 

The clinical data suggest the low 17-ketosteroicl excretions of the gouty 
to coexist with normal biologic androgen activity. There are a few excep- 
tion of sufficient adrenocorticotropin (49) and are believed to be referable to the demon- 
strable release of preformed adrenal androgen Iw this hormone. Exacerbations of skin 
lesions as gouty prodromata were frequentlj' commented upon in the older literature 
(39), and a form of “gouty eczema” was believed to occur. Talbott (30) found evidence 
of p.^oriasis or eczema in Ic.^s than 10 per cent of his series. However, those patients wlio 
did have either of tliese conditions reported an c.xacerbation of local skin .symptoms be- 
fore or during an attack of acute gouty arthriti.s, in Talbott’s e.xperience. 


Number of patients 
5 
10 
11 
0 
4 
0 
1 
1 


Yes No 

32 5 

27 5 

of clinical gout?* 6 21 

50 45 

3 10 


Mg. /Kg. /day 
20.0-26.0 
20.7 
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ports have indicated tliat alterations in adrenocortical function may be 
important in the mechanism of acute gouty arthritis (33, 37, 43-47). 
However, there is no clear evidence to indicate that adrenocortical hj’per- 
function is continuously present in interval gout. One example may be 
cited. In spontaneous adrenocortical hj'perfunction of the Cushing tjioe, 
and in certain stress situations, difTerential leukocjde counts show marked 
eosinopenia and lymphopenia. Similar changes ma 5 ' be produced in man 
by the administration of the purified adrenocorticotropic hormone or 
by certain metabolic steroids of the adrenal cortex. Table 5 shows that 
eosinopenia and lymphopenia arc not present in interval gout. 

Robinson, Conn, Block and Louis (45) have recentlj" presented cominc- 
ing evidence of the absence of chronic “resistance stage” status in one care- 
fully studied gout patient to whom adrenoeorticotropin was administered. 
Before the hormone was administered, the patient, then in a prolonged 
interval phase, was found to have a normal output of 11-oxysteroids (meas- 
ured as formaldehj'dogenic steroids). ACTH was found to elicit a normal 
increase in 17-ketosteroid excretion. Patients in the “resistance stage” 
show both an increase in basal 1 1-oxysteroid output and a substandard in- 
crease in 17-ketosteroid output under stress conditions, unlike this gout 
patient. We have recentlj' -confirmed these findings in 2 additional gout 
patients (48). 

Elimination of the general adaptation syndrome exhausted the estab- 
lished causes of veiy low 17-ketosteroid output. It was then necessarj" to 
see whether the hj^jogonadism, expected to occur with low 17-ketosteroid 
outputs, actually did occur in gout. In only one of the patients studied 
was evidence of hjTJOgonadism found. In the others biologic androgen 
acti\'it 3 ’^ appeared normal. 

Table 7 summarizes observations on a larger group of gouty men. It 
will be noted that almost all gout patients marry, and that the number 
with children and the number of children per patient are typical of normal 
adults. Six of the 27 patients with children sired one or more after the onset 
of clinical gout, which occurred at an average age of 41 ^’’ears. This is unusu- 
ally late, and suggests that some patients forgot their initial attack. It 
ma 5 ’^ well be, therefore, that the number of patients siring children after 
the initial attack was actually con.siderablj’- gi-eater. Our 2 patients with 
six and seven children respectively both reported the onset of clinical gout 
to have preceded the birth of all children. Since normal gonadal function 
certainly existed when clinical gout was present in these patients, the find- 
ings imply that it may exist when decreased ketosteroid excretion is pres- 
ent.^ 

’ One patient (H.N.) noted exacerbations of facial acne 24 to 72 hours before the 
onset of gout attacks. Similar exacerbations of acne may be produced by the administra- 
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served to make “retention” of 17-ketosteroids improbable. In spite of ac- 
cumulating evidence that altered adrenocortical function may be important 
in attacks of gout, there is no evidence of “resistance stage” endocrine 
status during interval gout. 

Biologic evidence of androgen activity was normal in 9 of the 10 men 
in this group. A review of a much larger series of patients gave additional 
evidence that hypogonadism is not clinically prominent in patients with 
gout. 

The finding of very low outputs of urinary 17-ketosteroids in the presence 
of normal biologic androgen activity appears to be a new endocrine 
finding which is characteristic for gout. Our working hypothesis assumes 
that, in gout, biologic androgen activity is maintained by an androgenic 
hormone which does not make an important contribution to urinary 17- 
ketosteroids when metabolized. 
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( ions (Table 2 and (39, 40)), but tliis is not surprising in a group of men who 
average 45 years of age wlien first seen b}-- the physician. Detailed reasons 
for rejecting the established causes of diminished 17-ketosteroid outputs as 
possible explanations have been given. Previous investigators have de- 
scribed only two conditions, both in females, in which an abnormal in- 
crease in biologic androgen activity was not accompanied by a proportion- 
ate increase in 17-ketosteroid excretion. In arrhenoblastoma (50), 17-ketos- 
teroid excretion may be normal or low when marked mascuUnization is 
present, and ketosteroid e.xcretion with such tumors rarelj^ is comparable 
to that seen in virilization due to adrenocortical hjTJeiplasia or tumor. In 
simple hirsutism in women, 17-ketosteroids were subnormal in approxi- 
mateh' one-third of the patients investigated by Bissell and Williams (51). 
Unfortunatelj", hirsutism as a solitarj' sign is not well established as purelj^ 
androgenic in origin. There appear to be no reports of conditions in which 
normal androgenic activity’ accompanies low ketosteroid outputs. 

The concurrence of very low 17-ketosteroid outputs with normal bio- 
logic androgen activitj’’ in gout appears to be a new endocrine finding. 
We believe the diminished ketosteroid output to be referable to decreased 
production of normal precui’sors because exogenous testosterone, the pre- 
sumptive chief active normal gonadal hormone (39), was normally con- 
verted to ketosteroid. The finding of normal biologic androgen actmty 
means that the gout}’’ must produce some t5T3e of androgen. The working 
hypothesis adopted postulates that, in gout, biologic androgen actmty 
is maintained by an androgen wliich does not make an important contribu- 
tion to urinar}’’ 17-ketosteroids when metabohzed. Since hj’peruricemia 
may be inherited by either sex (3, 4, 5, 6, 30, 31, 34) and since clinical gout 
occurs in both men and women, such an abnormal androgen would pre- 
sumably originate in the adrenal cortex. The finding of such a substance 
might well clarify the complex metabohe problems impheit in the observ’a- 
tions fisted in Table 1. 


CONCLUSION 

Decreased urinary 17-ketosteroid output has been found in aU of a group 
of 11 gout patients. It was present in all stages of the disease, including 
asjunptomatic interval gout. A similar decrease was not found in a small 
group of patients with idiopathic hjTpenu’icemia, nor was it present in 
males with rheumatoid arthritis or spondylitis. 

A ^e^’iew of the cmrently available endocrine explanations for decreased 
17-ketosteroid output of the degree found indicated none to be acceptable. 
Injected testosterone was recovered as urinary 17-ketosteroid to the usual 
extent and no defects in hepatic function were found •with a representative 
group of sensitive fiver fimction tests. Renal function was well enough pre- 
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INTRODUCTION 

T he occurrence of pregnancy in patients with Addison’s disease pre- 
sents certain features of physiologic interest and poses several prob- 
lems in therapy. Most standard textbooks state that the maternal adrenals 
enlarge in pregnancy, though their contribution to the normal progress of 
gestation remains for the most part unknown. An approach to this problem 
has been made by Venning by determining urinary excretion of substances 
derived from the adrenal in 9 normal pregnant women (1). In the first tri- 
mester of pregnancy a temporary increase was observed in the excretion 
of glycogenic corticoids to more than double that found in normal non- 
pregnant women, but earl}’’ in the second trimester, there was a return to 
the values found before pregnancy. A second and greater rise to 5 times 
these values was noted in the latter part of pregnancy, with finall}'’ a fall 
before delivery. The 17-ketosteroid excretion increased gradually through- 
out pregnane}'’ when assayed with m-dinitrobenzene (Zimmermann reac- 
tion). This increase was interpreted by Venning as due to an increase in 
20-ketosteroids rather than in 17-keto.steroids, since the latter as detor- 
mined with antimony trichloride (Pincus method) remained unaltered. 

Certainly the presence of the adrenal glands is not essential either for 
the establishment of pregnancy or for its maintenance. There are available 
29 reports of 39 pregnancies in women witli Addison’s disease, 30 of wliich 
continued to term (2-29). Although in certain of tlicse reports the data 
given are insufficient to establish the diagnosis of adrenal insufficiency, 
in the great majority the records are of unquestionable autliojiticity. In 
only one such patient has a study of the steroid excretion been reported 
(20). In this patient, Samuels and a.ssociatcs found that the excretion of 
estrogens, pregnanediol and of 17-ketostcroids (assayed by a modification 
of the Zimmermann reaction) during the last two trimesters correspondefi 
to tlie amounts excreted in normal pregnancy. An assay of the eorticoirl 
excretion was not made. 

Reports concerning gonadal function in arlrenalectomized animals have 
l)een conflicting: liowevcr. it appears definite tlial estrous cycles continue 
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24-hour urine specimens were made the the method of Jailer (37); 
gonadotropins by the method of Levin and Tyndale (38) ; sodium preg- 
nanediol glucuronidate^ by the technique described by Venning (39) ; corti- 
coid by the glycogen deposition test of Venning, Hoffman and Browne (40) f 
and 17-ketosteroids, for the most part, by the Pincus reaction (41), al- 
though a few values were obtained by the Zimmermann reaction (42). 

CASE HISTORIES 

Case 1, P. H. jf627658, E. G. was a 32-year old white housewife who was admitted in 
the seventh week of her first pregnancy. The diagnosis of Addison’s disease had been 
established seven j’-ears previously, at which time she had an eleven-month histor}’-. of 
increasing pigmentation of the skin and a four-month historj'- of nausea, vomiting, and 
weightless of 10 pounds. There was no background of tuberculosis. On physical examina- 
tion increased pigmentation was evident although it did not extend to the mucous mem- 
branes. Her blood pressure was 95/65. Laboratorj'- studies at that time revealed the fol- 
lowing values: serum sodium, 125 mEq. per liter; serum potassium, 5.5 niEq. per liter, 
fasting blood sugar, SO mg. per cent; urinarj'- excretion of 17-ketosteroids (Zimmermann 
reaction), 2.9 mg. in 24 hours; and basal metabolic rate, minus 17 per cent. A roentgeno- 
gram showed that the chest was normal and an abdominal film showed no evidence of 
adrenal calcification. A tuberculin test, 0.1 cc. of O.T. in a 1 : 100,000 dilution, gave nega- 
tive results. Witli the administration of 3 mg. of deso.\ycorticosterone acetate (DCA) 
daily bj'^ subcutaneous injection she remained in fairly good health for the ensuing seven 
years, with the exception of one admission in a crisis precipitated by iritis. At this time 
the value for serum sodium was 110 mEq. per liter and for blood sugar, 45 mg. per cent. 

At the time of admission for pregnancy, a dilatation and curettage was advised. Be- 
ginning the day before the contemplated procedure she received whole adrenal extract 
(ACE) intramuscularly in addition to the maintenance dose of DCA, 5 cc. the day before 
operation, 10 cc. on the day of operation and 10 cc. the day after. The ACE used was 
the hog adrenal lipo-cortex of Upjohn, 1 cc. of which is the equivalent of 4 mg. of corti- 
costerone or of 2 mg. of Compound E. Scopolamine and demerol were used as preopera- 
tive medication, and an infusion of glucose and saline was started before moving the 
patient to the operating room. Cyclopropane was selected as the anesthetic agent. 
Dilatation and curettage was performed bj'’ Dr. D. A. D’Esopo, the operation lasting 
ten minutes and tlic anesthesia, twent}’- minutes. In spite of this short procedure witli 
negligililc blood loss, upon return to the ward, the patient went into a state of shock: 
the pulse became feeble, the blood pressure fell to S2/40 and temperature to 96°. Re- 
sponse to shock therapy and transfusion, however, was prompt and her subsequent 
course uneventful. 

One year later this patient died at the Norwalk hospital following an upper respiratory 
infection. Dr. L. A. Giuliano has kindlj' informed us that an autopsy performed by 
Dr. R. N. Barnett showed extreme atroph}' of the adrenals. 

Case 2, P. H. /^811755, M. S. was a 31-3'ear old housewife admitted in the fourth 
month of her second prcgnanc.v. This patient’s first pregnancj' has been reported by 
Sheldon (27). At that time Addison's disease was suspected from the characteristic pig- 
mentation of the skin and mucous membranes and a blood pressure of 100/70, and the 

* These determinations were ver.v kindh- made b\’ Dr. L. Levin. 

- We wish to thank Dr. E. H. Venning for performing the determinations. . 
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in such nniinals if they am maintained in good condition by the ingestion 
of salt, and that jncgnancy may occur (30, 31). It has also been claimed 
that incgnancy and iiseudoprcgnancy may even prolong the survival time 
of untreated adrenalcctomizcd animals (32, 33). In addition, postpartum 
lactation has been observed ii\ adrenalectomizcd rats maintained in good 
condition with sodium chloride added to the diet (34). 

Despite the fact the pregnancy may occur and progre.ss to term in the 
absence of adrenal cortical function, it remains a serious complication for 
the ])atient with Addison's disease. By far the majority of authors have 
observed that the health of such patients deteriorates during gestation, 
and in S of the 12 well documenterl reports, death of the mother has re- 
sulted during the course of pregnancy, immediately post-partum or 
within a short period thereafter. From a consideration of the normal plD'si- 
ologic changes in pregnancy, difTicultics peculiar to the patient with Addi- 
son’s disease might be expected. The nausea and vomiting in the first tri- 
mester, with accompanying disturbance in electrolyte balance, might not 
be well tolerated. In the last trime.stcr, on the other hand, the increased 
blood volume and the pos.siblc contribution of hormones from the fetal 
adrenals might have a favorable effect upon the adrenal insufficiency. 
However, serious difficulties might be anticipated at the t me of delivery 
as a result of blood loss, and again in the postpartum period during the 
diuresis which follows the withdrawal of placental progesterone. Finall}’', 
in the patient whose adrenal disease is on a tviberculous basis, there is a 
po.s.sibiIity of activation of the tuberculo.sis during pregnancy. 

It is to be expected that the problem of pregnancy' in Addison’s disease 
will become increasing!}" frequent, .since the life expectancy and general 
well being of these patients has been substantially increased with recent 
advances in therapy. It seems worthwhile, therefore, to report the findings 
in 4 such patients observed at the Presbyterian Hospital. 

METHODS 

Four patients with documented .Addison’s disease were studied during 5 
pregnancies. One pregnancy ended in a spontaneous abortion, a second was 
terminated by dilatation and curettage and a third by hysterectomy. In 
2 of the patients the pregnancy went to term. One of these was delivered 
by Caesarian section, and the other had a spontaneous delivery. 

Serum sodium concentration was calculated by summation of the chlo- 
ride values and carbon dioxide content expressed as milliequivalents plus 
10, or was determined directly by use of an improved t}"pe of internal 
standard flame photometer with an accuracy of + 1 per cent (35) : potas- 
sium was determined after precipitation as chloroplatinate (36) or directly 
with the flame photometer. Determinations of estrone plus estradiol in 
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generalized pigmentation of the skin in addition to brown patches on the buccal mucous 
membranes. Her blood pressure was 92/60. The level of her serum sodium on admission 
was 132 mEq. per liter, and her fasting blood sugar 81 mg. per cent. The urinary excre- 
tion of IT-ketosteroids determined subsequent to pregnancj’- was less than 1 mg. in 24 
hours. X-ray examination of the chest and of the adrenal area revealed no evidence of 
tuberculo.sis. A tuberculin test with 0.1 cc. of O.T. carried to a dilution of 1:100, gave 
negative results. 

Therapy was initiall}'^ directed at controlling her adrenal insufficienc}" with the hope 
that, as she entered the third trimester, the increased blood volume of this period would 
result in an improvement in her condition. However, this did not prove to be the case, 
and although her serum sodium values were soon raised to normal levels with DCA and 
added sodium chloride, her condition continued to degenerate, she developed multiple 
complications and became progressively debilitated, losing an additional 5 kilograms of 

Table 1. Addison’s Disease. Case 3. Patient H.R. : Clinical 
Course and Therapy During Pregnancy 


Moiitli 
of pestii- 
tion 

Weight, 

Kr. 

Blood 
pressure, 
mm. He 

Serum 

sodium, 

mEq./L. 

Blood 
suR.ar, 
mp. % 

DCA, 
mg./24 hrs. 
s.c. 

N.iCl (Gm./'24 hrs.) 

Remarks 

P-irentornlly 

Orally 

5 

49 

88 

40 

131 

138 

81 

5 

2* 

3 

i 

npram 

jai 

1 

s 

V 

c 

cr 

n 

P 

P 

3 

c. 

Lilocyto.sis: 

iinclire 

! 

1 o 

1 5 

5’ 

it; 

C 


92 

00 

138 


0 

2.1* 

4 

7 

•18 

110 

08 

137 

59 

0 

0.2* 

4 

s 

! 

128 

84 

139 


0 

4.9* 

4 

0 

1 

; 

1 

154 

no 

137 


0 

3* 

o 


I.iiLor 3:; diiy.' jiftor rxppctod dale of delivery. 

* .\veraKe daily NaCl supplied by infusion, transfusion or plii.sma. 


weight. In Table 1 her clinical cour.sc, laboratory findings and tlierajij' are outlined 
month by month during pregnancy, and in Table 2, day bj' da}', during and following 
tielivery. 

Five major problems arose during jiregnancy. The first was the control of her adrenal 
disease. Nausea and vomiting persisted to term and nece.ssitated frequent infusions of 
glucose and saline (total of 60 liters) to maintain an adequate intake of sorliuni and 
carbohydrate. Secondly, with the hemorlilution attendant on the correction of tlie 
adrenal insulliciency. a severe anemia and hypoiiroteineinia became cviilent (rhe 2.4 
million and serum protein 4..') Cm. per cent). These jiersisted to term in sjiite of repeated 
transfusions (total of T.n liters of blood). Thirdly, two months after admission she de- 
velop(>d a transient auranulocytosis (wbc 1100, polymoriihonuelears I per cent) fire- 
stimhly from sulfadiazine which had been administered in small doses prophylaetic.'dly 
for a mild riiilit hydronephrosis. After discontinuation of the drug, her white blood cell 
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w.'i". < 't.’iMi'lii’i! by '-.ill willnlr.nvai in a Cullrr-Powrr-Wildpr test. X-ray 
('\.Tiui!)ril;i'ii •'( lln' rhr-t and id Iho ndrnial arra i-Iiowi'd tlicm (o lie normal at tliat time 
and ;d"' Mill' f'liui'nlly. A liiln'milin rcarlinn wa-- rcporled a'< necafive, wliereas in 
10 id, 0.1 ri', id O.T. in a 1 ; 10,00(1 dilntinn ^tave a mildl.v po'^itive reartioin Tliorc was 
no fninily Id'-lory id tnlH rimlo'-i'., 'I'lir pn-tpartiim <• 01 ^- 1 ' following; her fir.st i)ref;naney 
Mav rrporii'fi a*- .■■torm.v'. with hiuh fi'Vrrand hlood pri-;-nre at slioek level for seven days 
rdii-r delivrry. Her iieni ral rondition in the intervenim: years had deteriorated and with 
the unM-l of the M'rund preanaiiey there had heen inereasim; weakness. An intcrcurrent 
re>piralory itifeelion led to admi'-'-ion to an outside hosjjital, where severe nausea and 
voniilinp re-ulled in a weiuhl hoi of O kilograms and neeessitated reiieatcd infusion.s. 
HeeaiiM' of her poor rondition and known previous dillieidties following deliver^', tormi- 
n.ation of thi'- premiaiiey w;i‘- ronsidered ailvi^alile. 

llixinnim: the day Indore o]ieration, she was Kiven ACM intramuscularly in adiiition 
to her mainteiiatire do'-e of Dt'A. The same preoperative merlic.'ition and anesthesia 
\M-re emi'loyed .t-' in ('a^e 1. Dr. H. ('. Taylor performed a suiiravapin.'il hysterectomy. 
The operative prorediire lasted fifty minutes, duriim which time a transfusion was given. 
The patient withstood the operation well. During the next two days, however, she be- 
e.ame gravely ill, presenting the picture of acute adrenal insuflicicncj-. Her blood pressure 
remained alarmingly low (on one occasion 7.')/.o0), scrum sodium concentration fell to a 
minimum of 127 nilh]. per liter and her temperature rose to over 10.3° without clinical 
or laboratory evidence of infection. Tins condition devclojicd in spite of treatment with 
up to 20 cc. id A('H d.'iily. maintenance doses of DCA, a dail.v oral and parenteral intake 
of 10-20 dm. of sodium chloride, and supportive me.asurcs in Hie form of blood (1000 cc. 
on the day of operation, 3.o0 cc. on each of the two sticcccding days), as well a.s plasma 
and glucose infusions, antibiotics and chemotherapy. 

The parenteral carbohydrate given the day of ojieration was inadequate to compen- 
sate for the postoperative reduction in food intake and the morning following operation 
her blood sugar level was 54 mg. per cent. Subsequently hypoglycemia was prevented 
with frequent parenteral or oral carbohj’dratc feedings. Tlie one further complication 
which apjicarcd was a fall in serum potas.sium content to a minimum of 2.4 mEq. per 
liter. This was observed on the fourth postoperative day after large quantities of adrenal 
extract had been administered in combination with considerable amounts of parenteral 
fluid which, apart from transfusions, cont.aincd sodium as the onlj' cation. Although the 
patient showed no abnormalitj’ of neuromuscular function, 1.5 Gm. of potassium chlo- 
ride was administered b}’ mouth with prompt return of the serum potassium level to 
normal. It must be pointed out that without repeated determinations of serum potassium 
concentrations, the administration of potassium might have been hazardous. 

The patient’s recover}' was subsequently uneventful and one year later her condition 
was satisfactory. However, at the time of writing, information has just been received of 
her death in an another hospital. Autop.sy findings included lobar pneumonia and 
atroph}' of the adrenals. 

Case 3, P. H. ^813457, H. R. was a 3G-year old white housewife in whom the signs and 
S 3 ’mptoms of Addison’s disease appeared coincident!}' with her first pregnancy. She 
was initially seen and admitted in the fifth month of gestation at wliich time she gave a 
histor}' of six months of increasing pigmentation. Nausea and vomiting dated from the 
early weeks of pregnancy but persisted and became increasingly severe and were associ- 
ated with a weight loss of 11 kilograms. There was no history of tuberculosis and her 
health prior to pregnancy had been good except for chronic sinusitis. On physical e.xami- 
nation she was emaciated, appeared chronically and severely ill and there was deep 
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count gradually returned to normal. Fourthly, shortly after the episode of agranulocyto- 
sis she became jaundiced. Homologous serum hepatitis was suspected, but the findings of 
intermittently clay colored stools, a negative result with the cephalin flocculation test 
and a bilirubinemia of 5 mg. per cent, were more suggestive of obstruction. The serum 
phosphatase values rose to a peak of 9.6 Bodansky units, but, in view of the normal 
elevation in pregnancy (43), this could not be considered as additional evidence in favor 
of obstruction. The jaundice persisted until delivery, then subsequently cleared. Fifthly, 
in the month before deliver^'- she showed a moderate hjqjertension.. This appeared to be 
specifically related to pregnancy since the blood pressure returned to normal following 
delivery and no elevated readings have been obtained in the subsequent three j’^ears of 
observation. 

The patient went into labor thirty-two days after the expected date of deliverJ^ 
With the onset of labor a slow infusion of saline was started and ACE was substituted for 
DCA. At the end of ten hours there had been no progress in labor and the cervi.x re- 
mained dilated only one finger breadth. An operative delivery was decided upon and 
under cyclopropane anesthesia Dr. D. A. D’Esopo performed a classical Caesarian sec- 
tion. The patient withstood the procedure well, maintaining the hypertension through- 
out. A liter of blood was given during and immediately after the operation. The bab}’’ was 
a 2400 Gm. male infant of 50 cm. length, who died twenty-four hours later from un- 
explained mediastinal emphysema. The adrenals weighed 11 Gm. (the normal values for 
infants of this age and size range from 2.S to 11.0 Gm., according to Benner (44)). There 
were no other abnormalities. 

The day following delivery a second operation was necessitated because of oozing at 
the operative site and again the patient withstood the procedure well. However her sub- 
sequent postpartum course was storm 3 ^ As in the case of the previous patient, this 
woman became acutelj’' ill over a three-daj’’ period following deliveiy, with high fever for 
which no infectious basis was determined. There was a drop in serum sodium concentra- 
tion to a minimum of 130 inEq./per liter, although at no time did her blood pressure ap- 
proach hj'potensive levels. In addition to the therapy outlined in Table 2, she was given 
penicillin and streptomj'cin. Her temperature gradually returned to normal and her 
clinical condition improved. The fifth and sixth day after delivery, engorgement of the 
breasts was noted. 

The patient has been observed for three years since deliver}'. Her general health 
remains poor but without anj' residual findings definitely related to pregnane}'. 

Case 4, P. H. 814847, S. R. was a 24-year old white housewife with known Addison’s 
disease, admitted for vaginal bleeding in the eighth week of her first ])regnancy. A diag- 
nosis of adrenal insufficiency had been made eight months previously at the Mt. Sinai 
hospital, at which time she gave a history of increasing pigmentation and asthenia which 
had jwogressed alarmingly following an appendectomy two months before her admission 
to Mt. yinai. Tliere was no history or x-ray evidence of tuberculosis. Control of her 
h}'})oaflrenaIism Wiis effected with a daily do.se of 1.5 mg. of DCA subcutaneously and 
4 (im. of enteric coated sodium chloride orally. 

At the time of her admission to Presbyterian IIosi)ital she showed evidence of genend- 
ized pigmentation of the skin with many black freckles and several gray brown spots on 
the lips, gums, tongue .ami buccal mucous membranes. Her blood pressure was Jt)f)/70. 
There was a brownish vaginal discharge but the cervix .ai)j)earod to be closcfl. Laboratory 
studies rcvcahal values for scrum sodium n[ l.'Jft uiKfj. |)er liter ami for hasting blood 
suyar of 69 mg. j)er cent. Urinary 1 7-keto-t»Toid excretion as determined in the non- 
prc'eant state was less than 1 mg. in 24 Innirs. X-r.ay ex.amiuati(ni of tiie ehe.-( .and 
adr('!ial anat r(‘\’ealed nothing abiiorm.al. 
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Taum; 2 . Addison’s Diskasi:. Cash 3. Patihnt II. H.: Cmmcai. 
Coriisi; AND Tiir.iiAi'Y Ddiiinc: Ladok and Pukui'Hiuum 
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* Upjohn’s lipo-adrenal cortex, 
f Sum of parenteral and oral administration. 
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Table 4. Addison’s Disease. Case 4. Patient S.R.: Clinical 
Course and Therapy During Labor and Puerperiuji 


Day 

Temp. 

Blood 
pressure, 
mm. Hg 

Serum 

sodium, 

mEq./L. 

Weight, 

Kg. 

DCA. 

mg. 

s.c. 

ACE*, 

CC. 

i.m. 

NaCIf, 

Gm. 

Parenteral fluids 

Blood 

cc. 

Glucose 

+saline 

cc. 

Day 

before 

labor 

99.4° 

1 

112 

74 

135 

60.3 

4 


4 



Labor 

1 

98.6° 

124 

so 

1 

137 


4 

10 

22 

500 

2000 

1 

100.2'’ 

104 

70 

135 

j 

1 

1 

1 


5 

10 

1 

700 

2 

0:1“ 

102 

58 



1 

4 i 

j 


t 

1 

5 

1 

! 

1 


3 

09.8° 
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70 

I 134 

1 

1 

1 

4 

1 

1 


5 



4 

1 

99° 

100 

74 



4 


5 



Day of 
discharge 

1 

108 

70 

144 

54.1 

3 


5 




* Upjohn’s lipo-ndrennl cortex. 
i Sum of piirentenil and oral administration. 


During the seventh month an intercurrent bronchitis precijiitateci an Afhli.sonian 
crisis wliicli responded to penicillin, parenteral fluids and ACE given in addition to 
maintenance doses of DCA. 

Sj'inptoms of hj'poglycemia recurred frequently and were documented on manj’’ oc- 
casions with a decrease in blood sugar levels, at one time to as low as 35 mg. per cent. 
This problem was fairlj' well controlled by the use of bctwoen-meal and midnight fecd- 
ings. 

The patient went into hibor twenty-three day.s after the c.vpected date of delivery. 
ACI^ therap 3 ’ and a .slow infu.sion of glucose and .saline were tlien begun. Over the course 
of the ne.vt seventeen hours slie received a total of 2000 cc. of fluid iiarontcnallj', and her 
condition remained excellent. At the end of this time the patient was delivered under 
eyclojiropane anesthesia, by Dr. D. A. D'Esojjo, of a normal female infant weighing 
2S70 Cm. Following deliver}- a transfusimi of 500 cc. was given. The j)o.stj)artum course 
of the jjatient was entirely uneventful and she was ambulant on the fifth rlay. The jui- 
tient’s l)reasts were engorged three days post-partum. No ;ittemi)t was made at breast 
feeding and seventeen days post-i)artum her breasts were soft with only a slight watery 
discharge. 

She has been oi)served over two ensuing ye.-irs and her condition remains satisfactfjry. 
'I’he l).ai)y has been well. At the time of writing, she i.- again pregnant. 
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T.\hi,k .1. AddisonV Diskasi;. (’ask -J. Patiknt S.K.: Cunicai, 
Coritsi; am> Tin;UAi’Y DiMUNt! PiiKCNANcy 
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I-abor 23 days after expected date of dcliveo*- 
* Given durinR a 3-day illness; acute bronchitis. 
T Upjohn’s lipo-adrenal cortex. 


On her third hospital daj' the patient had a spontaneous complete abortion, vnth no 
exacerbation of her adrenal disease. 

The patient was discharged and two months later she bad 376 mg. of DC A in pellet 
form implanted at the !Mt. Sinai Hospital. Four months after this she again became 
pregnant. In contrast to Case 3, her condition during pregnancy remained on the whole 
very satisfactor}’ and she gained a total of S kilograms. During this pregnancy she was 
admitted to the hospital on 4 occasions for observation or for intercurrent infection. She 
remained in the hospital during the ten weeks prior to deliverj'. Her course, laboratorj- 
findings and therapy month by month during pregnancy are outlined in Table 3, and 
day by day following delivery, in Table 4. 

Control of her adrenal disease during the early months of pregnancy was effected by 
the implanted DCA pellets and oral administration of 6 Gm. of enteric coated sodium 
cldoride daily. With the nausea and vomiting of the first trimester, she had on one 
occasion a fall in the leA'el of serum sodium to 128 mEq. per liter, but subsequent deter- 
minations were within the normal range. After absorption of the pellets, DCA was giA-en 
b}' injection in doses of 3 mg. dail 3 ' and the sodium chloride was reduced to 3 Gm. per 
day. 
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in pregnancy, in which levels as high as 750-1000 micrograms have been ob- 
tained at term with the fluorometric method used (Jailer, unpublished 
data). The value for sodium pregnanediol glucuronidate was normal in 
H.R. (Case 3) ; the several determinations on S.R. (Case 4) were somewhat 
low. In the one patient in whom the determination was made, there was no 
corticoid activity demonstrable in the urine on two occasions. The 17- 
ketosteroid excretion in S.R. (Case 4) rose during pregnancj'^ to a peak of 
7.4 mg., but fell to 3.7 mg. five days before deliveiy. In H.R. (Case 3) the 
one determination of 17-ketosteroids made during pregnancj^ was signifi- 
cantly greater than the determination one year later. 

DISCUSSION 

It is impossible to draw man}'- conclusions about pregnancy in Addison’s 
disease based on so small a group of patients. However, certain points 
bear discussion. 

Examination of the data on urinary hormone excretion indicates that 
tliose substances derived from the placenta, i.e. gonadotropins, progester- 
one (sodium pregnanediol glucuronidate), estrones and estradiol, were 
excreted in normal or but slightly decreased amount b}'- tliese patients 
with hypoadrenalism. From tliis observation it would appear tliat a normal 
maternal adrenal cortex is not necessary for the elaboration by tlie placenta 
of sufficient amounts of these hormones to maintain pregnancy. 

The absence of corticoid activity in the urine of the one patient (S.R., 
Case 4) in whom it was assayed, is of interest. Two determinations were 
made late in pregnancy at which time greatl}^ increased activity is indi- 
cated b}^ tlie values found in normal urine. This normal increase in corti- 
coid excretion late in pregnancy was first tliought to reflect excretion from 
the fetal adrenals, which enlarge strikingly at tliis time. However, both 
Venning (1) and Day (45) liavc found the urine of new born infants to 
show little or no corticoid excretion. The failure to demonstrate such ac- 
tivity in the urine of pregnant patient S.R. witli Addison’s disease, ofTcrs 
support to ^Tnning^s concept that the increased amounts of corticoid-Hke 
material, found normally in pregnancy urine, reflect increased function of 
the maternal arlrenal cortex. 

The observed increase in 17-ke1ostcroid excretion raises a question as 
to the source of this excretory product in these patients with adrenal 
insufficiency. Admittedly, in the case of H.R. (Case 3) only one determina- 
tion was made during pregnancy, and although this value was significantly 
greater than the one obtained one year later, this could be no more than a 
reflection of progressive adnuial degeneration. However, in S.R. fC’ase 4) 
th(‘ several det(>rtninations during i)regnancy indieatf' a grarlual increasf* 
in s(‘(‘retion with a subserpuait fall, anrl Samuels, Evans and MeKelvey 
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Uriunrt/ c.rcrclion of hormones 

The determinations of \irinary excretion of Iiormonal substances arc 
sliown in Table 5. It is evident that the data are limited. Tlie gonadotropic 
hormones, in the 3 patients in whom tiiese were estimated, were excreted 
in amounts comparable to those observed in normal pregnanej'. Tlie es- 
trogen excretion in M.S. (Case 2) was not abnormal, but in E.G. (Case 1) 
and S.T. (Case 4) the values were somewhat lower than those usually found 


TaHI-V. 5. UlllNAllY 1'^Xrur.TION OK IIOUMONKS IN 4 PllKGNANT 
WoMK.N WITH Addison’s I^iskask 
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course was unexpectedly benign.- Finally it is of interest that lactation 
occurred in both these women, although its adequacy was not tested by 
breast feeding. 

Of the 2 patients in whom pregnancy was terminated early by operation, 
one (M.S. Case 2) exhibited a classical Addisonian crisis following hys- 
terectomy. Such a reaction did not occur in E. G. (Case 1) after dilatation 
and curettage; however, the short episode of shock may have been related 
to the known vasomotor instability of patients with adrenal insufficiency. 

SUMMAEY AND CONCLUSIONS 

1. Five pregnancies were observed in 4 patients with Addison’s disease. 
All patients survived. One pregnancy ended in a spontaneous abortion, 2 
were terminated operatively early in pregnancy, and 2 went to- term. 

2. In these patients, urinary excretion of gonadotropin was normal. 
The values obtained for sodium pregnanediol glucuronidate and estrogens, 
though low, were within the range seen in normal pregnancies. Cortieoid 
activity could not be demonstrated in the urine of 1 patient studied in the 
third trimester. The urinary excretion of 17-ketosteroids was increased late 
in pregnancy in the 2 patients in whom gestation proceeded to term. 

3. The clinical management of pregnancy complicated by Addison’s 
disease is briefl}'’ discussed. 
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(26) have reported an even more striking rise in anotlier siicli patient. 
TIie.':e workers suggested that this rise wa.s due to .‘•ccretion by the fetal 
adrenal. However both Talbot and co-worker.s (46) and Day (4.5) have 
reported low 17-ketosteroid exeretions in new born infants. Day found 
values ranging from 0.1.3 to 3.25 mg. in tlie 24-hour excretion of 12 .such 
cases, from winch it ap])ears unlikely that tlie fetal adrenal contributes 
significantly to the increased excretion in pregnancy. Hence, the increased 
17-ketosteroid excretion observed in pregnant women with adrenal in- 
sufficiency suggests that this excretory product may be derived from some 
source other than the adrenal. One possible, though purely .speculative, 
interpretation is that the placenta contributes to tlie observed rise. 

Clinical generalizations concerning the management of pregnanc}"^ in 
Addison’s disease must be limited, since in only 3 of the patients reported 
here did gestation continue long enough to permit observations as to its 
influence upon tlie underlj'ing adrenal disease. Furthermore the course 
of these patients was variable — the condition of two, AI.S. (Case 2) and 
H.R. (Case 3) unquestionablj’ deteriorated during pregnane}' whereas the 
general health of the third, S.R. (Case 4), remained excellent. Of the an- 
ticipated difficulties, the nausea and vomiting of early pregnancy did not 
present a serious problem for S.R., altliougli on one occasion a significant 
fall in the value for serum sodium re.sulted. On the other hand, in M.S., 
vomiting necessitated electrol}i;e replacement with saline infusions and in 
H.R. it continued to be a most serious hazard throughout pregnancy. Fur- 
thermore, H. R. failed to obtain any relief in symptoms, as anticipated, 
upon entering the third trimester and because of the persistent vomiting, 
larger amounts of sodium chloride were required to maintain adequate 
electrolyte balance during gestation than were .subsequently needed. How- 
ever, the daily dosage of DCA was continued unaltered. In S.R. the main- 
tenance therapy with both DCA and sodium chloride did not require alter- 
ation as a result of pregnancy. 

At the termination of each pregnancy, therapy consisted of the adminis- 
tration of DCA by injection and sodium chloride by mouth; and in addi- 
tion, parenteral saline, glucose, plasma and whole blood as indicated. Each 
patient also received hog adrenal lipo-cortex (ACE). This extract has a 
definite effect on salt and water metabolism and the chnical studies of 
MacBryde and de la Baize (47), show an effect on carbohydrate. Observa- 
tions in this hospital have not confirmed an effect on carbohydrate me- 
tabohsm in humans with doses up to 15 cc. per day (unpubhshed data); 
however, its value in Addisonian crises has clinically seemed superior to 
that of desoxycorticosterone acetate (DCA). 

Following delivery, increased manifestations of adrenal insufficiency oc- 
curred as predicted in H.R. (Case 3), whereas S.R.’s (Case 4), postpartum 
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Fic. 1. P!iysifilof;ic cli:iti];c.-^ following adniinistnition of anterior fjitnitar}' adrcnocorti- 
cotrojiic hormone in animals and luiman l)pin<;s. 

Other workers rep:ard the 17-ketosteroids as an unreliable means of de- 
termining: adrenal aetivity (23) sinee they find variable 1 7-keto.steroid 
values in both physiologic and pathologic strcsse.s. It has been shown 
that the urinary glycogenic corticoids f 1 l-oxysteroifls) may be rising while 
the 17-ketosteroids are falling in a stress situation (24). Until more reli;d)le 



HORMONAL ALTERATIONS IN MEN ENPOSED 
TO HEAT AND COLD STRESS 
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Lnhornlonj, Loxrrrnrc, Mm^snr.Intactlx^ 

T he adrcMial corf ox plays a role in the body’s defense against cold 
(1, 2, 3, 4). bid the precise nature of this role has not been clarified. 
Bilateral destruction of the adrenal gland diminishes resistance to varying 
types of stress including muscular exerci.^e, burns, infections, .shock, trauma, 
anoxia and cold (2). Histologic studies reveal adrenal hypertrophy (5, 6, 
7), and chemical studies show a diminution in tlic cholesterol and ascorbic 
acid content of the adrenal cortex in rats exposed to cold (8, 9). In fact, so 
well established is the relationship between the adrenal cortex and the stim- 
ulus of cold, that the latter is u.sed as a standard stress in the biologic 
a.'jsay of adrenal cortical extracts (10). 

Indirect evidence that outpouring of the adrenal cortical hormones is 
rc.sponsiblc for the changes seen in the “general adaptation syndrome” 
(11) is provided by experimental administration of adrenal cortical ex- 
tracts (12). There is involution of thymus and lymphoid tissue and fall in 
circulating lymphocytes following injection of adrenal cortical extracts. 
The lymphocyte fall has been used as a criterion for adrenal response to 
stress in human beings (13, 14, 15). 

The urinarj^ excretion of 17-ketosteroids has been regarded as an index, 
to some extent, of the rate of adrenal cortical hormone excretion (16, 17). 
Some workers found a decreased output with a slow return to normal 
following trauma, bacterial infections and surgical procedures (16). Others 
(IS, 19) found that in normal indiHduals, the excretion of 17-ketosteroids 
usuallj^ rose for twelve to forty-eight hours, then fell to a subnormal rate 
and gradually returned to normal. A sharp rise in 17-ketosteroid excretion 
immediately after stress with an abrupt fall below normal was also found 
in another studj'^ on 30 patients who had experienced hemorrhage, frac- 
ture, burn, infection, or operation (20). Elevated excretion of 17-ketoster- 
oids has been reported in muscular fatigue (21), aircraft pilots (22) and 
in subjects exposed to cold for two hours (17). 
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posure to cold, with a coincident rise in basal metabolic rate. Rats exposed 
to cold previous to thyroidectomy survive longer in cold after thyroidec- 
tomy than thyroidectomized rats not previously exposed (30). This finding, 
plus the fact that increased thyroid activity occurs onl}^ after an initial 
period of normal or low basal metabolism in human beings and animals, 
suggest other mechanisms, which apparently adequately defend the 
organisms during the early periods of cold exposure. 

On the basis of the above evidence, an investigation of adrenal and 
thyroid responses of men subjected to extreme heat and cold was under- 
taken. The observations were carried out simultaneous!}'’ with studies of 
acclimatization to heat and cold. (41). 

METHODS 

Experimental Design 

Three healthy, white males were exposed successively to a preliminary 
two-week period of physical conditioning; to 19 five and one-quarter hour 
periods of heat (107°F., dry bulb; 89° F. wet bulb; wind 3 m.p.h.); to 14 
five-hour periods of cold ( — 20°F., wind 3 to 4 m.p.ln); to 5 re-exposures 
to heat; a five-week interval of no exposure to environmental stress; and 
finally to 3 re-exposures to heat. 

Throughout these periods, studies were made on the circulating eosino- 
phils, absolute numbers of lymphocytes, urinary uric acid-creatinine ratio, 
urinary 17-ketosteroids, and basal metabolism. In addition, in order to 
evaluate acclimatization, cardiovascular responses, sweating loss, metabol- 
ic rates on treadmills, blood volume, thiocyanate space, water and salt 
balances, skin and rectal temperatures were measured and are reported 
elsewhere (41). 

Food and fluid intake for each test .subject was recorded on a daily basis 
beginning with the evening meal. No effort was made to control the quan- 
tity of food or fluid consumed by the test .subjects except that no solid food 
was allowed after 7:00 p.m., and no fluids after 10:00 p.m. Total 24-hour 
urine collections were made on each man for every day of the experimental 
period. 

In order to insure basal conditions for metabolic tests the men retircfl 
at 1 1 :00 j).m. in their special barracks which were outfitted with the ecpiip- 
ment required to conduct these tests. The men were wakened at 7:00 
a.m.. permitted to void, and then were maintained in a basal slate during 
the next three hours. The urine collected from 7 :00 to 10:00 a.m. was used 
to <let(‘rmine the uric acid-creatinine ratio. In adflition, leucocyte counts, 
dilT(‘r(>ntiaI counts and chamher eosinophil counts wer(> determined on the 
men d.-iily in the basal state. Basal metabolisni was rne.asured at intervals 



June, in.',n 


lIOimONAI- RKSPOXSK TO HEAT AM) COLD 


531 


mot hods arc dovelopod for assay of t he “sugar” hormones (glycogenic 
oorticoids) of tlic adrenal cortex, the information regarding them will be 
equivocal in stress studies. 

The recent developments in tlie purification of the anterior pituitary 
adrenocorticotropic hormone (ACTH) have led to its u.se in assc-'^sing ad- 
renal cortical function. The cfTects in human beings (25, 2G, 27) of ACTH 
are summarized in Figure 1. It lias long been known that the number of 
circulating eosinophils falls in severe infections and other stre.ss .situations 
(28, 29). In addition, the changes in eo.sinophils produced by ACTH can be 
reproduced by injection of Kendall’s Compound F (a so-called “sugar” 
hormone) (20). 

The administration of ACTH has been .suggested as a means of a.ssessing 
adrenal cortical re.^erve (20). A .‘^ingle do.«e of 25 mg. of ACTH injected 
intramuscularly produces a fall in circulating eosinophils and a rise in the 
urinarj’ uric acid-creatinine ratio exceeding 50 per cent in people with nor- 
mal adrenal cortical reserve. iMild adrenal insufficiency is said to be indi- 
cated by a normal fall in eosinophils with only a small rise in the uric acid- 
creatinine ratio (20 to 50 per cent), whereas indi^^duals with marked ad- 
renal cortical insufficiency show a decrease in eosinophils of less than 20 
per cent and an increase in the uric acid-creatinine ratio not exceeding 50 
per cent. 

Early exT^eriments showed that removal of the thjToid gland interfered 
with regulation of body temperature (30, 31). Administration of thyroxin 
to thjToidectomized rats allowed them to survive longer in the cold than 
untreated thjToidectoniized rats (30). It is of interest that iodine storage 
occurs in the thyroid gland in animals during the summer and that the 
gland is depleted of iodine in the winter (32). Furthermore low tempera- 
tures will produce hjqierthjToidism in rats (33). While there are manj^ 
studies showing a fall in basal metabolic rate on mo^^ng to hot climates, 
(34) there are onlj-- a few showing a rise on mo\'ing to cold chmates (35). 
The basal metabolic rate of Eskimos is said to be IS per cent above normal 
standards (30). An indirect test for increased thyroid acthdty bj’- measuring 
the amount of thjToxin necessary to maintain normal gland weight dming 
thiouracil administration showed that more thjToid hormone is secreted in 
cold than in heat (37). 

Wliile the thjnoid gland apparently reacts to change in en^dronmental 
temperature, there is considerable evidence that it plays little part in the 
initial defense against cold exposure. In the initial daj^s of cold exposure in 
man, there is a marked fall in basal metabolism followed after the second 
and third day, by steady rise above control levels (38). In the rat there is 
e^ddence of a similar rise in basal metabohe rate (39, 40) but after a longer 
delay. The thjToid gland of the rat hjqDertrophies after tlu-ee weeks’ ex- 
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of several days. On llie intervening day.s, blood volume and ‘Thiocj'anatc 
.'space” were determined. 

Experimental Conditions in the Climatic Chambers 

Phy.-sical conditioning was accomplished by walking the men for two liouns 
on a treadmill at 3.5 m.p.h. for ten day.s, in a constant temperature room 
maintained at GS°F. with a relative humidity of 40 to 50 per cent and a 
wind velocity of 3 m.p.h. During this cxerci.se period the men wore light 
clothing. 

The exposures in the hot room were carried out at 107°F., dry bulb (89°F., 
wet bulb) with a wind velocity of 3 m.p.h. Each exposure lasted for five 
and one-quarter hours during which time each man walked on the tread- 
mill at 3.5 m.p.h. for a period of .“sixty minutes and another of thirty min- 
utes. During the remainder of the time in the chamber, the men sat 
quietly. 

The cold room exposures lasted five hours, during which the men sat 
in a climatic chamber maintained at — 20°F. with a wind velocity of 3 
to 4 m.p.h. Each man wore skin and rectal thermocouples, as well as a 
heavy Arctic uniform. The men walked on the treadmill at 3 m.p.h. when- 
ever the toe or knee temperature fell to 45°F. The duration of walking was 
for one or more periods of ten minutes until the toe or knee temperature 
had risen to 50°F. or more. This procedure eliminated the danger of frost- 
bite and at the same time permitted maintenance of the maximal cold stress 
possible under these experimental conditions. 

Methods for Assessing Various Physiologic Changes 

Basal metabolic studies were carried out b}' collecting e.xpired air into 
100 liter Tissot spirometers. Duplicate samples were collected and analyzed 
for oxygen and carbon dioxide by the method of Haldane (42). The uric 
acid was determined bj^ Archibald’s (43) modification of the method of 
Kern and Stransky (44) and creatinine by the method of Folin as modified 
bj”- Lambert (45). The 24-hour excretion of the 17-ketosteroids was deter- 
mined by a modification of the method of Callow et al. (46) emplojdng the 
Zimmermann color reaction and the Wilson and Carter technique for the 
stabilization of the alcoholic potas.sium hydroxide (47) . A semi-micromethod 
was established, using diethyl ether extraction in place of the more 
laborious carbon tetrachloride technique. This method permits the analysis 
of samples of 50 cubic centimeters or less. 

The eosinophil counts were made by the chamber teclmique, using an eo- 
sin-acetone solution and a Fuchs-Rosenthal chamber (28). The absolute 
lymphocyte count was calculated from the percentage of l 5 ’mphoc 3 des on 
a coverslip smear (counting 300 to 400 cells), and the total leucocjde count 
was determined in the standard fashion. 
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Fig. 2. Counts of circulating eosinophilic leucocytes during heat and cold stress. 
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TAiii.r. 1. AvnuAciK Numuku nr Cmcui-ATixo Eosixopiiins ri;n Cunic Mii.umeter 

Duuing Various Stress States 


Tc.st 

subject 

Ex])crinicnt.al 

condition 

Circulating eosinophils 

Average 

1 

Standard 

deviation 

Number 
of ob- 
servations 

. 

No exorcise or exjmsure 

33S 

! 26 

S 


Conditioning period 


55 

10 • 

E 

First heat exposure 


3S 

16 


Cold exposure 


1 33 ' 

12 


First re-exj)osurc to lieat 


25 

5 


Second re-exposure to Iieat 

•107 

; 41 ! 

1 ; 

3 

j 

No exercise or exposure 

3G3 

30 

s 


Conditioning iieriod 

265 

54 

s 

H ' 

First heat exposure 

214 

72 

15 


Cold exposure 

225 

49 

12 


First re-exposure to heat 

291 

45 

4 


Second re-cxposuro to heat 

269 i 

41 ' 

3 


No exercise or exposure 

769 

59 

S 


Conditioning period 

512 

126 

9 

P 

First heat exposure 

470 

109 

17 


Cold exposure 

511 

74 

11 


First re-exposure to heat 

709 1 

99 

5 


Second re-exposure to heat 

660 

115 j 

3 


The anterior pituitary adrenocorticotropic hormone test for the assess- 
ment of adrenal cortical reserve was conducted as outlined by Forsham and 
co-workers (26). The test was conducted under basal conditions and con- 
sisted of a two-hour base-line period and a four-hour test period. During 
the base-line period a two-hour urine sample was collected, as well as 
blood samples for hematologic studies, blood uric acid (43) and blood 
glucose (48). Then 30 milligrams of ACTH* were injected intramuscularl 5 \ 
One hour after injection, the test subject voided and this urine sample 
was discarded, but all urine passed during the subsequent three hours was 
collected and analyzed for uric acid and creatinine. Four hours after the 
injection, the hematologic studies, blood uric acid and blood glucose 

* This material was kindlj' furnished to the investigators 63 * Drs. G. tV. Thorn and 
P. Forsham of the Peter Bent Brigham Hospital, Boston, Massachusetts. It was manu- 
factured 63 '- the Armour Laboratories, Chicago, Illinois. The preparation used in the 
studies was lot 32-D, 30 mg. of which had a potenc 3 ^ of 25 mg. of the Armour standard 
extract LA-l-A. 
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Fig. 2. Counts of circulating eosinophilic leucocytes during heat and cold stress. 
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Tahu', 1. Avkiiagk NuMiu-.n ov Cincui.ATrNT. EosiN’orniLs rnn Cunic; Milumkter 

Duuino Various Stress States 


Test 

subject 

Exiicrimcntal 

condition 

Circulating eosinoiihils 

Average 

Standard 

deviation 

Number 
of ob- 
servations 


No exercise or exposure 

3.3S 

2(] 

S 


Conditioning jicriod 

3G3 

55 

10 • 

E 

First heat cxiiosure 

291 

3S 

16 


Cold exposure 

274 

33 

12 


First re-exposure to lieat 

2 sr. 

25 

5 


Second rc-exposurc to heat 

407 

41 

3 


No cxcrcipc or GXf)osiirc 

3G3 

30 

S 


Conditioning period 

2G5 

54 

S 

H 

First heat exposure 

214 

72 

15 


Cold exposure 

225 

49 

12 


First re-exposure to heat 

291 

45 

4 


Second rc-exposure to heat 

2G9 

41 

3 


No exercise or exposure 

769 

59 

S 


Conditioning period 

512 

126 

9 

P 

First heat exposure 

470 

109 

17 


Cold exposure 

511 

74 

11 


First re-exposure to heat 

709 

99 

5 


Second re-exposure to heat 

660 

115 

3 


The anterior pituitary adrenocorticotropic hormone test for the assess- 
ment of adrenal cortical reserve was conducted as outlined by Forsham and 
co-workers (26). The test was conducted under basal conditions and con- 
sisted of a two-hour base-line period and a four-hour test period. During 
the base-line period a two-hour urine sample was collected, as well as 
blood samples for hematologic studies, blood uric acid (43) and blood 
glucose (48). Then 30 milligrams of ACTH* were injected intramuscularly. 
One horn: after injection, the test subject voided and this urine sample 
was discarded, but all urine passed during the subsequent three hours was 
collected and analyzed for uric acid and creatinine. Four hours after the 
injection, the hematologic studies, blood uric acid and blood glucose 

* This material was kindly furnished to the investigators by Drs. G. tV. Thorn and 
P. Porsham of the Peter Bent Brigham Hospital, Boston, iMassachusetts. It was manu- 
factured bj' the Armour Laboratories, Chicago, Illinois. The preparation used in the 
studies was lot 32-D, 30 mg. of which had a potency of 25 mg. of the Armour standard 
extract LA-1 -A. 
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determinations were repeated. The urine collection continued for a full 
twenty-four hours following injection, for the determination of the 17- 
ketosteroids. This test was carried out at the conclusion of the series of 
heat exposures, after the cold exposures, and after a period of no exposure 
to environmental or exercise stress. Injection of the acid solvent contain- 
ing no ACTH was administered as an additional control. A 72-hour interval 
was judged to be sufficient to eliminate any after-effects on subsequent 
data, since it has been shown that the effects of a single injection of 
ACTH disappear within twenty-four hours (26). 

EXPERIMENTAL RESULTS 

It has been reported (41) that these subjects fulfilled the criteria of ac- 
climatization to heat (49) with only slight deacclimatization to the heat 
after a series of cold exposures. In addition, the}’’ showed a tendency to- 
ward more rapid vasoconstriction with repeated exposures to the cold. 

Tlie results of the dail}'^ eosinophil counts are depicted graphically in 
Figure 2 and the average counts for each man for the various periods are 
shown in Table 1. 
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Fic. 3. Counts of circulating lyinpliocj'tes during licat and cold stress. 

Ill addition, two of the .subjects, H and P, were .studied on eight days 
(luring which they were subjected to no environmental stress or exercise. 
Tlicsc latter values were significantly liigher in subjects H and P than 
tlio.-e obtained during the initial ba.se-line period (phy.sical conditioning 
period), which is indicative of tlic effect of exercise on the circulating 
eosinopliils. Likewise, in general, the number of circulating eo.sinophils was 
considerably lower during the various periods of environmental .stress, 
liarticularly during the initial heat period and the cold period. In .subjects 
H and P the eosinophil values were higher during both periods of re-ex- 
]iosure to heat than during the conditioning period, but lower than the 
values for the period of no exerci.'^c or environmental stre.ss. The other test 
sulffi'ct I., had a higher value during the .second re-exposure than during 
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Taiu.k 1. Avr.uAor, NuMiinu or Cincui-ATixr. EosiNoniirs rm Cubic Mii.limeter 

Duuino Vaiuous Stuess States 


Tc.'it 

suliject 

Experimental 

condition 

Circulating eosinophils 

Average 

Standard 

deviation 

Number 
of ob- 
servations 


No excrci.sc or expo.surc 

33S 

20 ’ 

S 


Conditioning period 

303 

55 

10 • 

E. 

First heat exposure 

I 291 

j 38 

10 


Cold exposure 

27-1 

1 33 

12 


First re-exposure to licat 

2.S0 

; 25 

5 


Second rc-expo.surc to he.at 

407 

1 41 ! 

1 

3 

1 

No exercise or exposure 

303 

30 

S 


Conditioning period 

205 

54 

S 

II 

Fir.st heat exposure 

214 

72 

15 


Cold exposure 

225 

49 

12 


First re-exposure to heat 

291 

45 

4 


Second re-exposure to heat 

209 

« 

3 


No exercise or exposure 

709 

59 

8 


Conditioning period 

512 

120 

9 

P 

First heat exposure 

470 

109 

17 


Cold exposure 

511 

74 

11 


First re-exposure to heat 

709 

99 

5 


Second re-exposure to heat 

000 

1 

115 1 

3 


The anterior pituitary' adrenocorticotropic hormone test for the assess- 
ment of adrenal cortical reserve was conducted as outlined by Forsham and 
co-workers (26). The test was conducted under basal conditions and con- 
sisted of a two-hour base-line period and a four-hour test period. During 
the base-line period a two-hour urine sample was collected, as well as 
blood samples for hematologic studies, blood uric acid (43) and blood 
glucose (48). Then 30 milhgrams of ACTH* were injected intramuscularly. 
One hour after injection, the test subject Avoided and tliis urine sample 
was discarded, but all m-ine passed during the subsequent three hours was 
collected and analyzed for uric acid and creatinine. Four hours after the 
injection, the hematologic studies, blood uric acid and blood glucose 

* This material vas kindly furnished to the investigators by Drs. G. W. Thorn and 
P. Forsham of the Peter Bent Brigham Hospital, Boston, iMassachusetts. It was manu- 
factured by the Armour Laboratories, Chicago, Illinois. The preparation used in the 
studies was lot 32-D, 30 mg. of which had a potency of 25 mg. of the Armour standard 
extract LA-l-A. 
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Fig. 4. Urinarj'’ uric acid-creatinine ratio during iieat and cold stress. 


Table 3. Average Urinary Uric Acid-Creatinine Ratios 
During Various Stress States 


Test 

subject 

Experimental 

condition 

Uric acid-creatinine ratio 

Average 

Standard 

deviation 

Number 
of ob- 
servations 


Conditioning period 

0.46 

0.15 

10 


First heat exposure 

0.45 

O.OS 

19 

E 

Cold exposure 

0.43 

O.OS 

14 


First re-exposure to heat 

0.40 


5 


Second re-exposure to heat 

0.36 

6.07 

3 


Conditioning period 

0.31 

O.OS 

15 


First heat exposure 

0.29 

0.04 

19 

H 

Cold exposure 

0.2S 

0.04 

14 


First re-e.\posure to heat 

0.26 

0.06 

5 


Second re-exposure to heat 

0.2S 


3 


Conditioning period 

0.52 

0.15 

10 


First heat e.xposure 

0.47 

0.07 

19 

P 

Cold exposure 

0.42 

0.10 

14 


First re-exposure to heat 

0.44 

0.09 

5 


Second re-exposure to heat 

0,46 

0.07 

3 


TIic 24-hoiir excretion of tlie 17-ketostcroids was determined daily dur- 
ing a period of no exercise or environmental stre.ss, during the la.si week of 
the initial heat expo.sure, during the cold e.xposure and during the two 
jicriods of rc-e.xposure to heat. The.‘:c data arc shown graphically in Figure 
o and summarized in Table 4, 

In the period with no excrci.se or environmental stre.ss, the values arc 
as high a.s or higher than tho.^e observed during the various expo.sure peri- 
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tlic coiulitioiiing period. Under lhc.‘=e condition.'^, the data .sugge.st .strongly 
that cirenlating eosinophils can be dcprc.'^scd by exorci.sc or a combination 
of exercise and environmental stress. Tlic degree of deprc.ssion i.s pre.sum- 
ably related to the severity of the stre.^^.s imposed. 

Simultaneously witli the cosinopliil determination.s, absolute lympho- 
cyte counts were made. Although other workers have reported alterations 
in absolute lymphocyte counts under .stress condition.s, no significant dif- 
ferences between experimental ]ieriods were observed in any of the test 
subjects with respect to these values (Fig. 3, Table 2). 


Taiii.k 2. .tvcitAci; Ncmiikh or Lymphocati.s ran Cmnc Mii.uMnTKii 
(.Viisoi.irTK Coc.nt) Di:iun<: Vauious Strkss Statks 


Test 

subject 

Exiicriniental 

condition 

Lynii)hocj'tcs 

Average 

1 

Standard 

deviation 

1 

Nunil)er 
of ob- 
ser\’ations 


Conditioning ])criod 

2,272 

299 

S 


First lie.at exposure 

2,280 

397 

15 

E 

Cold exi)osure 

2,.50S 

557 

12 


First re-exposure to heat 

2,210 

345 

5 


, Second re-exposure to Iieat 

2 ,055 

S5 

! 

3 

i 

1 Conditioning period 

3,078 

299 

9 


First heat exposure 

2,703 

406 

16 

H 

Cold exposure 

3,117 

506 

12 


First re-exposure to heat 

2,670 

453 

5 


Second re-exposure to heat 

2,805 

341 

3 


1 

Conditioning period 

2,872 

252 

9 


First heat exposure 

2,692 

407 ! 

17 

P 

Cold exposure 

3,504 

705 

12 


First re-exposure to heat 

3,620 

564 

5 


Second re-exposure to heat 

2,642 

150 

3 


It will be noted (Fig. 4, Table 3) that there was no significant difference 
in the daily urinary uric acid-creatinine ratio in anj’^ of the test subjects 
during any of the experimental periods. In connection with these studies, 
a group of 11 normal males Avere studied under basal conditions and the 
average value of 65 determinations on this group was 0.42 with an 53. D. 
of 0.11. This A^alue compares favorably with similar data reported bj’’ For- 
sham ei al. (26). Analysis of each individual’s own mean and variance re- 
vealed a range of means from 0.35 to 0.54, and a standard deAuation pe- 
culiar to the indiA'idual. 
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Flc. (■). Results of afliiiinistration of 30 m;:. of anterior j)itiiitary a(lrcnocorticotroj)io 
liorinono (AC'TII) fr)Ilo\vinp: heat atul cold stress. 

Tlie first of e.'icli pair of results rerorded for cacii test is tliat fouiifl just l)ofore iujec- 
tion of AC’TII; the second value is tliat found four hours after injection. 

crease in the tirintiry iirie aeid-eroatinine ratio (41,5 j)er ecnl). The other 
two subjects showed increases of only 1R.3 per cent and 15.0 pcr(‘cni. Fol- 
lowing the series of cold exposur(*s. 2 of the H lest snl^jecls (K and P) h:if! 
a mn-nial fall in cireulating eosinophils with increases in the urinary uric 
acid-creatinim‘ ratio of S5.7 j)er cent and S2.‘) per cent respect ivcly. In 
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Fid. 5. Urinary IT-kctostcroid excretion during I>cat and cold stress. 


T.MII.K a . Avi'.U.VGK UltlNWRV ExcIIKTION of 17-KETOSTEnOIDS (mg. I’EIl 
24 Hours) During V.\nious Stress St.\tes 


Test 

subject 

Experimental 

condition 

Excretion of ]7-kctostcroids/24 hrs. 

Average 

Standard 

de\dation 

Number 
of ob- 
servations 


Base-line (no exercise) 

13.7 

1.2 

6 


.Acclimatized to heat 

9.9 

1.3 

4 

E 

Cold exposure 

12.7 

2.S 

14 


First re-exposure to heat 

12. G 

2.6 

5 


Second re-exposure to beat 

13.0 

0.6 

3 


Base-line (no exercise) 

1G.4 

2.9 

5 


Acclimatized to heat 

12 .2 

3.5 

4 

H 

Cold exposure 

17.2 

2-. 7 

14 


First re-exposure to heat 

14.4 

1 .5 

5 


Second re-exposure to heat 

16.6 

l.S 

3 


Base-line (no exercise) 

7.5 

0.9 

6 


Acclimatized to heat 

5.2 

0.1 

4 

P 

Cold exposure 

7.1 

l.S 

13 


First re-exposure to heat 

7.0 

2.4 

5 


Second re-exposure to heat 

7.0 

O.S 

3 


ing the cold exposure, as well as during the periods of re-expostue to heat 
when compared to the values during the last week of the initial heat ex- 
posure. These differences, however, are not statistically significant. 

Results of the administration of ACTH at the conclusion of the initial 
period of heat exposure, at the end of the cold exposiues, and after the 
period of no enxdronmental stress, together with control data, are sum- 
marized in Figure 6 and Table 5. Following the heat exposures, subject P 
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subject H, the fall in eosinophils was only 31.6 per cent with a uric acid- 
creatinine ratio increase of 73.1 per cent. After a period of no exercise or 
exposure to extreme temperatures, subjects E and P again showed a nor- 
mal decrease in circulating eosinophils (66 per cent and 86.6 per cent re- 
spectively), whereas subject H had a borderline normal response of 44.6 
per cent. The increases in urinary uric acid-creatinine ratio were normal 
for subjects E and H (78.8 per cent and 41.9 per cent respectively) whereas 
subject P showed an increase of only 25.7 per cent. Injection of the acid 
diluting medium, with no ACTH, gave negative responses for the various 
indices. These appraisals of the results are based on the ^Aormab' values 
published for this test by Eorsham et at. (26). From this investigation it is 
not possible to conclude that ' ‘borderline” normal responses encountered 
after stress in these test subjects are truly indicative of a decrease in adrenal 
cortical reserve. 

The basal metabolism of the 3 subjects throughout the various experi- 
mental periods is shown graphically in Figure 7. No significant differences 
were noted in an}'’ of the test subjects during the various experimental 
periods. 


CONOlTlONtNC HCAT COlD HCAT 
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Fig. 7. Bas;il metabolism during lieat and cold stress. 


DISCUSSION 


ddiis investigation was concerned with the long-term effects of licat and 
cold stress. It is for this reason that stre.^s was assessed by measurements 
made on the mornings following the exposures or on a twenty-four hour 
basis, rather than by short-term measurements of the acute effects of ex- 


posure. 

Daily chamber counts of the circulating eosinophils yieldcfl more signifi- 
cant data tlian any of tlie other aforementioned tests, which furnishcfl 


either equivocal or negative results. The persistent decrease in eosinophils 
observed during these various conditions of stress, both environmental aiul 
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that, under the experimental conditions employed, tlie degree or duration 
of cold stress might have been insufficient to produce a significantly ele- 
vated basal metabolic rate during the period of cold exposure. 


STTMMARY AND CONCLUSIONS 

Three healthy males were exposed successive!}'' after a preliminary two- 
week period of physical conditioning to 19 five and one-quarter hour peri- 
ods of heat (107°F. dry bulb, 89°F. wet bulb); to 14 five-hour periods of 
cold ( — 20°F.); to 5 re-exposures to heat; to a five-week interval of no 
exposure to environmental stress or rigorous exercise; and finall}’- to 3 re- 
exposures to heat. 

Measurements of circulating eosinophils, absolute number of lympho- 
cytes, urinary uric acid-creatinine ratio, 24-hour 17-ketosteroid excretion, 
and administration of ACTH were used to evaluate adrenal cortical re- 
sponses. Basal metabolic rates were used as an index of thyroid activity. 

Evidence indicative of a decrease in circulating eosinophils during en- 
vironmental and exercise stress is presented and the relation of this obser- 
vation to the secretion of the carbohydrate hormone of the adrenal cortex 
is discussed. 

No significant differences in the excretion of the 17-ketosteroids were 
noted in any of the experimental periods. 

Adrenal cortical function with respect to emoronmental stress was not 
successfully assessed on the basis of daily urinary uric acid-creatinine ratios 
or absolute lymplioc3''te counts, due to marked daily variations of tlicse 
indices. 

The use of adrenocorticotropic hormone for the a.ssessment of adrenal 
cortical re.serve ydelded only'' .sugge.stive evidence of a reduction of adrenal 
cortical functional reserve after periods of environmental stre.ss. The diffi- 
culty of interpreting tliesc ob.servations is discussed. 

No significant differences in ba.sal metabolic rates were observed in any^ 
of the exposure periods. 
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oxoroiso, ])ossilily olTors imlirocl evidence of “S” hormone aelivitj' since it 
lias been previously reported (20) that compound F (an “S” liormone) 
decreascil circulating eosinojihils. This indirect technique may ofTer a new 
method of assessing response to chronic stress phenomena. 

'Phe excretion of 17-kctostcroids during tiic various stress states is 
slightly but not significantly elevated over control values. The observed 
increases fall within the range of daily variations. These data tend to con- 
firm tlic observations of those worker.s (24) who feel that the 17-ketoster- 
oids are not concerned with acute i^trc-ss phenomena. 

The urinary uric acid-creatinine ratio did not represent a good index in 
these long-term studies of stress bccau.se of the large daily variation. The 
change produced by .\CTH suggests that the usefulness of the uric acid- 
creatinine ratio may be confined to acute stre.ss reactions. 

Studios of adrenal cortical reserve utilizing ACTH have been suggestive, 
but not conclusive of a decreased rc-serve in individuals chronically ex- 
posed to severe environmental stress. Because of the very limited number 
of experiments reported in this field, preci.se interpretation of the results is 
difficult. It is conceivable that the stress, although sufficient to produce 
adequate acclimatization to heat, was not sufficient to tax the adrenal cor- 
tical reserve. On the other hand the failure to obtain consistent results 
might be due to the inability of the adrenal cortex to respond to this stim- 
ulating dose, and larger, or repeated, doses would be required to produce 
more consistently maximal changes in normal subjects. In the present 
studies considerable variation was encountered in two most sensitive in- 
dices, i.e., circulating eosinophils and urinary uric acid-creatinine ratio. 
A “normal” change in tlie former was often accompanied bj’’ a minimal 
change in tlie latter and vice versa, thus indicating some of the difficulty 
in the interpretation of results. 

It has been reported that there is a decrease in basal metabohe rate in 
the initial phases of heat acclimatization (38, 50) but the results of the 
present study fail to support these obserx’ations. It is beheved that the dif- 
ference in results is not explained on the ba-sis of the degree of heat stress 
imposed, because in the present investigation, adequate acchmatization by 
the accepted standards was obtained in seven to ten exposures. It is possible 
that the increment of change observed pre'vdouslj’’ is too small to be ob- 
served consistently, and therefore these changes were not seen in the men 
used in this study. There are variations both in the heat and cold periods 
on a day-to-day basis for all of the test subjects, but there is no consistent 
trend. Likewise, in the cold, no significant changes were observed and this 
confirms p^e^’ious investigations (51), although there are reports of in- 
creased basal metabolism in human beings exposed to cooler emdronments 
(35), as weU as in animals subjected to cold stress. It must be borne in mind 
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CHANGES IN URINARY URIC ACID-CREATININE 
RATIO AFTER ELECTRICALLY INDUCED 
CONVULSIONS IN MAN 

M. D. ALTSCHULE, M.D., L. H. ALTSCHULE, M.D. and K. J. 

TILLOTSON, M.D. 

From the Clinical Services and the Laboratory of Clinical Physiology, McLean Hospital, 
Wavcrley, Massachusetts and the Departments of Medicine and Psychiatry, 
Harvard Medical School, Boston, Massachusetts 

R ecent studies have provided evidence indicating that increased 
secretion of adrenal cortical steroid hormones occurs in patients 
given electroconvulsive therap}'- for mental disease (1-7). Changes in tlie 
uric acid-creatinine ratio four hours after the injection of adrenocortico- 
tropic hormone (ACTH) has been suggested as a measure of adrenal cor- 
tical function (8) (9) and accordingly it was considered desirable to meas- 
ure tl}is ratio in patients given electrosliock tlierapy. 

MATERIAL AND METHODS 

Fifteen studies were made on 9 women who were given electroconvulsive 
therapy for mental disease. The ages ranged between 25 and 73 years and 
tlie diagnoses varied (Table 1). 

The patients voided an iiour and a half before the treatment; this urine 
sample was discarded and another sample was obtained immediately be- 
fore shock was administered. Thereafter, samples were collected four 
hours after the treatment and whenever possible at the end of two hours 
also. In addition, some of tlie patients voided at other times during the 
four hours after shock was given; some of these samples of urine were 
obtained and the times at which they were voided were recorded. In 
other instances, however, specimens were lost, since the patients, p.s 3 "chotic 
to begin with and confu.sed after the treatment., voided without attracting 
the attention of a nurse. In 7 of the 15 experiments all samples of urine 
voided during the first four hours after shock were collected at intervals 
accuratelj' recorded: in the-^'C 7 instances calculation of hourl}^ exci'ction of 
ui'ic acid and of (‘reatinine was possible. In all 15 studies the uric acid-cre- 
atinine ratio was calculated from mea.^^urements of the concentrations of 
these two substances in the .samples of urine obtained. 

('reatinine was estimated bj' means of Folia’s method (10) ; uric acid was 
measured according to the method of Heneriict and Franke, modified by 
I'olin (11), after the procedure was adapted to the Coleman spectropho- 
tometer. 

I'lir j)iihlic;itinii .Srptoinhcr .'50, ItMS. 
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OBSERVATIONS 

Uric Acid-Creatinine Ratio: Before treatment, the ratio was between 
0.29 and 0.71, and averaged 0.45 (Table 1). The standard deviation was 
0 , 11 . 

One half to two hours after check, the ratio laj'- between .25 and .67 
and averaged 0,40; the standard deviation was 0.12, In 8 instances decreases 



HOURS AFTER SHOCK 

Fin. 1. Relation between cliange in urinary uric acid-creatinine ratio and 
time of .‘itiidy after electroshock. 

of between 0.01 and 0.34, averaging 0.13, occurred. In 3 in.stancc.s inerea.^cs 
in the ratio of 0.0.5 to 0.11, averaging .06, were found. The average cliange 
in tiie 11 .<tiulic.' in whicli urine .<ample.s were obtained between one half 
anil two hour.-' after electrically induced .«eizure.^, wa.s minu.s 0.08, 

Four or five liour.- after adrninhtration of elect ro.-hock, the uric acid- 



Taum-. 1. I'vKrr.fT or Ki,i-.(Tunsiiof'K on VniNAUY Uuu; AriD-Cur.ATiNixi; Ratio 


Ciise 

Alio 

{yr.<.) 

Dhipiiosis 

Duration 
of disease 

Ratio 

Remarks 

1 

oO 

i^cliizoiilircnia- 

S years 

0..3G 

Roforc first shock. 



puniuoid 

0.47 

4 hours after first shock. 





0.29 

Before second shock. 





O.oO 

4 hours after second shock. 

2 

B 

Sclnzo])lircni!i- 

2 years 

0.32 

Before sixty-second shock. 


HI 

jiaraiioid 


0.2,') 

2 hours after sixtj’-second shock. 


B 


0.45 

4 hours after sixty-second shock. 


B 



0.29 

Before sixty-fifth shock. 


B 



0.49 

I 4 hours after sixtj'-fifth shock. 

3 

57 

Scldzoiiliroiiia- 


Hi 

Before first shock. 



paranoid 



I hour after first shock. 




iii 

5 hours after first shock. 





0.57 

Before third shock. 





0.43 ! 

2 hours after third shock. 



1 


0.5G ! 

4 hours after third shock. 

4 

40 

Scldzoplircnia- 

4 years j 

0.40 

Before first shock. 



paranoid 


0.43 

2 hours after first shock. 



1 

0.4S ' 

4 hours after first shock. 

5 1 

44 

Manic-depressive, 

9 months 

0.5G 

Before sixth shock. 



mixed 


0.G7 

2 hours after sixth shock. 



! 

1 

1.20 

4 hours after sixth shock. 

G 

44 

Manic-depressive, 

3 months 

0.47 

Before third shock. 



manic 


0.40 

2 hours after third shock. 





0.71 

4 hours after third shock. 

7 

59 

Involutional 

4 months 

0.49 

Before second shock. 



psychosis. 


0.33 

2 hours after second shock. 



melancholia 


0.64 

4 hours after second shock. 





0.71 

Before third shock. 





0.27 

1 hour after third shock. 




/ 

0.69 

4 hours after third shock. 

s 

65 

Involutional 

1 month 

0.4S 

Before first shock. 



ps 5 ’chosis. 


0.47 

2 hours after first shock. 



melancholia 


0.81 

4 hours after first shock. 





0.39 

Before second shock. 





0.36 

2 hours after second shock. 





l.OS 

4 hours after second shock. 

9 

B 

InA'olutional 

6 months 

0.48 

Before second shock. 


B 

psychosis, 

melancholia 


0.43 

4 hours after second shock. 





0.51 

Before fifth shock. 





0.56 

2 hours after fifth shock. 


HI 



0.51 

4 hours after fifth shock. 
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In the urine samples collected four hours after shock the uric acid excre- 
tion per hour was between 24 and 326 per cent above the control value 
(Table 2). The average increase above the control values was 161 per cent. 
At the same time the hourly excretion of creatinine was decreased bj^ 4 
and 6 per cent in 2 instances and increased by 46 to 316 per cent in 5; the 
average change from the control values was an increase of 102 per cent 
(Table 2). 



HOURS AFTER SHOCK 

Fig. 2. Uric acid and creatinine excretions per hour after electroshock. 


DISCUSSION 

The studies of Thorn and of Forsham their co-workers (8) (9) iiave 
sliown that the urinary uric acid-creatinine ratio increases four liours after 
stimulation of the adrenal cortex by pituitary ACTH. Tlie utilization of 
changes in tlie urinary uric acid-creatinine ratio after injection of ACTH 
was suggested by Tliorn and liis co-workers as a device whereby inci’eased 
output of uric acid might be detected witliout the necessity for collecting 
every specimen of urine. When adrenocorticotropic liormone is injected 
tlie ratio becomes elevated because the excretion of uric acid four hours 
later is increased greatlj’’, while tlie output of creatinine remains unchanged 
or diminishes slightl3\ After electrically induced convulsions, however, the 
output, of both uric acid and creatinine is increased markedl}’^; the output 
of creatinine maj' show its greatc.st increase in the first two hours after 
administration of electroshock whereas as a rule that of uric acid exhibits 
its most marked rise in the second two hours. vSince the two vary inde- 
pendently after electroshock, it is apparent that the interpretation of 
changes in the ratio is not exactly the .‘^amc as in the case of changes after 
injection of ACTH 

Changes in ratio two hours after electroshock are not statistically sig- 
nificant although in most instances a decrease occurs. Four hours after 
the shock, however, the average rise in ratio amounts to almost twice the 
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creatinine ratio was ijchvcen 0.43 and 1.20, and averaged 0.G4; tlie stand- 
ard deviation was 0.22. Increa.se.s in ratio of O.OS to 0.71, averaging 0.27 
occurred in 11 instances. No cliange occurred in 1 and decreases of 0.01 
to 0.05 occurred in 3. The average change in all 15 experiments was plus 
0.19 or 42 per cent of the control average value. 

No clean-cut relation between time of voiding of urine after shocks and 
percentage change in ratio was found although the data indicate the more 
common occurrence of large changes when the samples were collected 
later in the period of study (Fig. 1). 


T.mm.k 2. UiiiN.MiY Excuktion of Uiuc Acid and of Cre.^tinine 

AJTER ICl.ECTROSHOCK 
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+ 13 
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12 

36 

50 
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+ 36 

- 6 
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1 11 
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+ 10 
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Excretion of Uric Acid and of Creatinine: Calculation, of the hourly excre- 
tions of uric acid and creatinine was possible in 7 experiments. Hourly ex- 
cretions were markedly variable. 

In urine samples collected at one or two hours after shock, the uric acid 
excretion per hour was between 13 and 207 per cent above the control 
value; the average was 76 per cent above the control (Table 2; Fig. 2). At 
the same time the hourly excretion of creatinine was between 0 and 238 per 
cent above the control value, the average increase being 123 per cent (Table 
2; Fig. 2). 
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standard deviation of the control average. In instances in which the ratio 
falls initially, the later rise in ratio may be so small in some cases that it 
does not go mnch above the control level four hours after shock, i.e., when 
the effects of adrenal cortical stimulation are believed to be maximal. 

The variations in ratio which occur arc probably consequent, at least 
in part, to changes in adrenal cortical function, for other evidences of in- 
creased secretion of 11-17-oxyslcroids arc available ; these evidences consist 
in decreases in the number of circulating lymphocytes (1) (6) and eosino- 
philic cells (5). On the other hand, it is apparent that other influences also 
operate to modify the urinary uric acid-creatinine ratio by increasing 
creatinine excretion after elect ricallj' induced convulsions. Studies of blood 
uric acid levels may be helpful in evaluating more precisely the significance, 
in regard to adrenal cortical function, of the changes in uric acid output 
after electroshock. 

The pattern of changes found did not appear to be influenced by the 
patients’ ages or the nature or duration of their illnesses. 

SUMMARY AXD COXCLTTSIONS 

The urinary excretion of uric acid is increased after electrically induced 
con^'ulsions in man; this change is usually maximal approximately four 
hours after administration of electroshock and thereby resembles findings 
in man after the injection of ACTH. Excretion of creatinine also increases, 
but this is often most marked during the first two hours after shock. The 
lu-inarj’- uric acid-creatinine ratio, therefore, remains unchanged or may 
fall at first, after which it rises to a level usually well above the control; in 
some instances, however, the late rise is not very large. The conditions of 
the present study are so different from those encountered by Thorn, 
Forsham and associates (8, 9) when they proposed that changes in the ratio 
four hours after injection of ACTH be used as a test of adrenal cortical 
function, that precise interpretation of our findings is difficult. Neverthe- 
less, the magnitude of the changes in ratio four hours after electroshock, 
together with other e^ddence cited here, indicate increased production of 
ll-oxysteroids after electrically induced convulsions in man. 
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tieth day of the menstrual cycle there were 20 u.r. (20 international 
units) of estrogens in the urine. Other clinical and laboratory data are not 
pertinent to this presentation. 


DISCUSSION 

This patient with Addison’s disease, showing disappearance of axillary 
and decrease of pubic hair, in whom the estrogenic acti^dty of the ovary 
was normal, provides additional evidence in favor of the part played by 
an adrenal cortical hormone in the development of these secondary sex 
characteristics in women. Albright and co-workers believe that it is testos- 
terone or some similar hormone of adrenal origin. According to these au- 
thors, the favorable effect which estrogen therapy has on the growtli of 
axillary and pubic hair in the syndrome of “ovarian agenesis” is due to a 
stimulating effect upon the adrenal cortex, obtained indirectly through the 
hypophysis. In spite of the decided influence of the adrenal cortex on the 
growth of the axillary and pubic hair in women, we believe that further 
research is necessary before we can discard the possibilitj’’ of the estrogens 
acting directly and synergistically in combination with the cortical hor- 
mone. 

With our associate Albrieux, we are at present studying the effect of 
applications on the skin of the axillae, of ointments containing either es- 
trogens, testosterone, or both. 


SUMMARY 

This case report deals with a woman, aged 43, suffering from Addison’s 
disease, in wliom axillary liair had disappeared and pubic hair was very 
scanty, in spite of the fact that she menstruated and iiad a normal content 
of estrogens in her urine. The part played by tiie adrenal cortex and estro- 
gens in tlie development of these sexual characteristics is discussed. 

REFERENCES 

1. ALiinic'.iiT, F.; Smith, P. H., and Fkaskii, R.: Syndrome characterized by primary 
ovarian insutlicicncy and decreased stature; report of 1 1 cases with digression on 
liormonal control of axillary and pubic hair, Am. M ..Sc. 204: G25-0-bS (Nov.) !t)-}2. 

2. Knri.Kn, E. J.; Pktkrs, G. A., and M.\.so.v, II. L.: Addison’s disease associated with 
pubic and axillary alopecia and normal menses, J. Clin. Endocrinol. 3: 497—109 
(Sept.) 1943. 

3. Mu.ssio FocuNiim, J. C.. and Photo, A.; Un eas de maladie d’Arldison avee absence 
de poils axillaires et fiubiens malgre la conservation de la menstruation, Bull, li 
inim. Soc. lin'd, d. hop. dr Paris 63: 62-63, 1947. 



LOSS OF AXILLARY AND PUBIC HAIR IN A 
PATIENT WITH ADDISON’S DISEASE AND 
REGULAR AIENSTRUATION 

A CASE REPORT 

.1. C. ^lUSSIO FOURNIER, M.D., E. POLLACK, M.D. and J. 

J. LUSSICH SIRI, U.T). 

In^lilulr of Endocrinology, Montevideo, Uruguay 

Albright and co-workers (1) in 1942 reported the case of a woman 
XX suffering from Addison’s disease in whom axillarj’^ and pubic hair had 
not developed, in spile of the fact that she menstruated regularly from the 
age of 16 years. This observation led them to suppose that the sex charac- 
teristics in question are not dependent, in the woman, upon the action of 
estrogens but upon that of some Iiormone of tlie adrenal cortex. Tliis belief 
was further supported by the following facts: It is known that the adminis- 
tration of estrogens does not result in the development of the aforemen- 
tioned sex characteristics in patients with panhjTDopituitarism, in which 
condition there is an insufficiency of the adrenal cortex; whereas estrogens 
have a very favorable effect in primary ovarian insufficienejq a condition 
in which the adrenal cortex functions more or less normally. In thjToid in- 
sufficiency in women, scarcity of axillary and pubic hair is to be seen, at- 
tributed by Albright and associates to the hypofunctioning adrenal cortex 
observed in this condition, as shown by the decrease in the excretion of 17- 
ketosteroids. Other writers have published observations which show the 
importance of the adrenal factor in the development of these sex char- 
acteristics. Kepler and co-workers (2) reported a case of a woman -ft-ith 
Addison’s disease who had very scanty axillary and pubic hair, in spite 
of haHng menstruated regularly from the age of 13 j-^ears. Mussio Fournier 
and Proto (3) have published a similar case report. 

We here give the case historj’^ of another patient of the same tjqje. 

CASE HISTORY 

Mrs. V. C., a nullipara, aged 43, had a past history of little interest. 
Puberty was normal and she menstruated regularly i\ath 28/3 rhjdihm. 
Her present condition began eight months pre^’iously with nausea, vomit- 
ing, weakness and darkening of the skin. Physical examination showed 
pigmentation of the skin and of the buccal mucosa. Her blood pressure 
was 90/60. There was no axillary hair and but scanty pubic hair. The 
urinary excretion of 17-ketosteroids was 5.4 mg. in 24 hours. On the twen- 
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Urinary excretion 

The demonstration of estrogens in the urine of pregnant women by Asch- 
heim and Zondek (10) facilitated the isolation and identification of crys- 
talline estrone, estradiol and estriol. The urine of pregnant mares and of 
stallions is also a rich source of the natural estrogens. Equilin, hippulin 
and equilenin have been obtained from the urine of the pregnant mare. 
However, most physiologic investigations have been confined to the human 
and laboratory animals. It has been demonstrated that although the estro- 
gens are excreted in minute amounts in the normal female, there are two 
peaks of excretion, one at mid-interval which is considered to bear some 
relationship to ovulation and tlie other preceding the menses (D’Amour 
(11), Werner (12), Gustavson et al. (13), Gallagher et al. (14), Smith, 
Smith and Pincus (15), Salter, Humm and Oesterling (16), Jailer (17, 18) 
and others). There is also a fairly constant excretion of estrogens in the 
male (Werner (12), Gallagher et al. (13)). Due to differences in the tech- 
nique of bio-assay employed by the various investigators, the exact quan- 
tities obtained vary. Slightly higher values have been obtained by some of 
the recently developed chemical methods (Salter, Humm and Oesterling 
(16), Jailer (18)). But generally speaking, the equivalent of approximately 
5-20 micrograms of estrone as determined by bio-assay are excreted daily 
by the female between the peaks, at which time the excretion may rise to 
as higli as 60-100 micrograms. The daily urinary excretion in the normal 
male has been found to vary between 5 and 25 micrograms. 

Due to tlie comparative ease with which these steroids can be extracted 
from the urine as compared to blood and tissue, tlie study of urinary excre- 
tion has been used as a tool in elucidating certain aspects of estrogen me- 
tabolism. Westerfeld and Doisj'' (19), Fish and Dorfman (20, 21), Heard 
and Hoffman (22, 23), Pincus and Pearlman (24), Stroud (25), Stimmel 
(26), Jailer (18) and otliers have shown that following the injection of 
vaiying amounts of estradiol and estrone, a very small percentage of the 
administered dose can be recovered in the urine. A somewhat similar 
amount has been found in the feces (Dingemanse and Laqueur (27)). The 
same phenomenon occurs whether the estrogen is injected into a male or 
a female. The presence or absence of the end organ (uterus and tubes) or 
ovaries does not change the percentage of recovery. Previously, Pincus and 
Zahl (28) had thought the presence of the uterus was necessary for the 
conversion of estrone to estriol, but subsequent studies have shown this to 
be untrue (Pearlman and Pincus (29)). Thus, only 2-10 per cent of tlie 
administered estrogen can be accounted for and the remainder is either 
stored or destroyed in the organism. Storage of the administered estrogens 
by the organism is not an important factor (Zondek (30)), consequently 
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T he isolation of the estrogens 1)3* Dois 3 ' ei al. (1) and Butenandt (2) 
aroused considerable interest in their metabolism (origin, action and 
degradation). Such information is nccessar 3 ' as a guide for their more ra- 
tional use in therap 3 ', as well as for more academic reasons. As far as the 
female genital tract is concerned, the estrogens are the most potent known 
stimulators of growth and cellular division. For example, b 3 " means of the 
colchicine technique. Mien, Smith and Gardner (3) have demonstrated as 
man 3 ' as 1585 mitotic figures in one cross section of epithelium of the mouse 
vagina thirt 3 ’-seven hours after the administration of but a few micrograms 
of estrone. It has also been sho^^'n that estrogenic stimulation, either endog- 
enous or exogenous, is necessar 3 ^ for the development of certain genital 
tumors in strains of geneticalL’' susceptible animals (Lacassagne (4), Lip- 
shiitz (5)). There has been presented some circumstantial e\’idence that 
has implicated the estrogens as possible etiologic agents in uterine and mam- 
mar 3 ' carcinoma in the human as well (Corscaden and Gusberg (6), A 3 T:e 
and Bauld (7), Auchincloss and Haagensen (8)). Consequent^ a better 
understanding of the metabolism of these steroids ma>’ shed light on some 
of the very fundamental problems of cellular growth and dmsion as well 
as neoplastic transformation. 

The estrogens have been found in the ovar 3 q placenta, urine and in some 
species of plants. MacCorquodale, Tha 3 '’er and Dois 3 ’^ (9) have isolated 
estradiol from sow’s ovar}"^ and it is postulated that a-estradiol is the steroid 
secreted b 3 '^ the ovar 3 ’’. The estrogenic acti\dt 3 ’’ of a-estradiol is about 
8-10 times that of estrone and 10-15 times that of estriol when assa 3 'ed 
b 3 '- the vaginal smear method on the ovariectomized rat. With other 
t 3 ’pes of assay the comparative values var 3 '' somewhat more. (In the 
human, a-estradiol does not appear to be that much more potent than 
estrone). The minimum amount of a-estradiol necessar 3 '^ to cause vaginal 
cornification in the spayed rat is modified b 3 '' factors such as the strain of 
rat, the diet, and the housing conditions, but appears to be approxi- 
mately 0.1 microgram. 
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(42)). It has about 1/100 the estrogenic activity of a-estradiol. It has not 
been found in human urine (Heard and Hoffman (23)). 

The difficulty in isolating these metabolic products is great because they 
occur in but minute amounts, have no estrogenic activity, and conse- 
quently cannot be detected by the usual bio-assay. Neither can they be 
detected by the colorimetric or the fluorometric methods. The former de- 
pends upon the presence of a phenolic “A” ring and the fluorescence upon a 
double bond in the ''A” ring (Jailer (18)). Recoveries of urinary estrogens 
after the administration of exogenous estrogens are of the same order of 
magnitude by these methods as by bio-assay (Stimmel (26), Jailer (18)). 
This suggests that one method of degradation must be the destruction 
of the “A” ring. The solution of this complex problem may occur when it 
becomes possible to substitute a radioactive carbon directly into one of the 
rings of the cyclopentanoperhydrophenanthrene nucleus. 

The role of the liver in the inactivation of estrogens 

Zondek, in 1934 (30, 43), demonstrated the great facility with which the 
rat can inactivate estrone. It was shown that four hours after the injection 
of 40,000 m. u. of estrone, he could recover but 5 per cent of the adminis- 
tered dose in the entire animal carcass. The estrogen was practically all 
transformed before it showed any evidence of having exerted its biologic 
effect. After liydrolj'sis, tlie percentage of recoveiy was increased somewhat. 
Heller (44, 45) further demonstrated that liver slices could inactivate es- 
ti’one and estradiol in vitro. The kidney had somewliat the same effect. 
The spleen, ovaiy, heart, lung, placenta and endometrium of tlie rat, on 
the other hand, enhanced the biologic activity of estrone and its conver- 
sion to estradiol was postulated. This exceedingly important point has not 
been confirmed (Twombly and Taylor (46)). Tlie enzjmiatic inactivation 
could be inhibited bj'’ lieat and sodium cyanide. Singher et al. (47) confirmed 
tlie in vitro inactivation by tlie rat liver wliile Twombly and Taylor (46) 
showed that the transformation mechanism in the human liver was not as 
efficient as in rat liver. It should be noted that these experiments were car- 
ried out under very exact and .specific conditions of concentration of tissue 
and estrogen and (here has never been demonstrated any inactivation of 
large amounts of steroids such as occurs in vivo. Liver mince is not as effec- 
tive as slices in performing this inactivation of a-estradiol, suggesting that 
the enzyme system involved is dependent upon cellular integrity. It has 
recently been demonstrated (DeMeio cl nl. (4S), Coppedge cl al. (40, 50)) 
that nicotinamide and diphosphopyridine nucleotide (cozymasc) enhance 
the activity of liver mince. Israel, Meranze and Johnston (51) added es- 
trone to the perfusate of a liver, heart -lung preparation arul obtainerl in- 
acti\’ation of (he estrogen. However, if the liver was e.xcliKicfl from (he 
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the great bulk of the estrogens is degraded or converted to substances 
vliieh have no biologic activity. This mechanism is not easily saturated; 
for example, Heard and Hoffman (22) have injected as much as 300 mg. 
of estradiol into a normal male and still recovered about 10 per cent 
of the amount administered. It has been demonstrated also that estrone 
can be converted to estradiol, estradiol to estrone and both to estriol. 
Several investigators have not been able to isolate estriol after the ad- 
ministration of the other steroids mentioned (Heard and Hoffman (23)). 

One of the known mechanisms of inactivation is conjugation with glu- 
curonic acid (estriol in man) or .sulfuric acid (estrone in the mare and man) 
(Schachtcr and Alarrian (31), Cohen, Alarrian and Odell (32)). The glu- 
cosidc and ester linkages arc broken by acid hydrolysis of the urine prior 
to extraction with organic solvents. In the urine of normal inclhdduals 
the nonconjugated fraction is very small (Glass, Edmondson and Soil (33)). 
It has been claimed that the content of free estrogen is high in pregnant 
women only during the week preceding delivery (Cohen, Marrian and 
Watson (34)). The mechanism of conjugation does not account for the 
great loss of administered estrogen, however, since in most of the experi- 
ments cited above acid hydrolysis was performed on the urines. 

Smith and Smith (35, 3G, 37) have shown that the estrogenic acthity of 
urine can be increased by boiling the urine with hydrochloric acid in the 
presence of an excess of zinc dust. They have postulated that not only is 
estrone converted to estradiol (which is about 10 times more active bio- 
logically) by this procedure but that some unknown degradation product 
is reduced back to a biologically active estrogen, “unaccounted-for T^ 
acti\'ity.” This has been confirmed by Stimmel (38) who emploj’^ed a colori- 
metric method (Kober) for determining the estrogens. Another possible 
degradation product is Westerfeld’s lactone (39) which has been prepared 
in vitro by the oxidation of estrone by hydrogen peroxide. Although the 
lactone is only 1/7 as active as estrone in stimulating the rat vaginal 
epithelium, it is supposedly capable of causing the release of the gonado- 
tropic and adrenotropic factors of the pituitary (Smith (40)). Marker and 
associates (41) claim to have isolated estranediol from urine. It was thought 
to be a biologically inactive degradation product of estrone, caused by 
hydrogenation of the “A” ring. 

FinaUj’^, Fish and Dorfman (21) have isolated jS-estradiol from the urine 
of rabbits which had received a-estradiol bj’- injection. (/3-estradioT was 
originallj’^ isolated from mare’s urine by Hirshmann and Wintersteiner 

’ Originally, a-estradiol was considered the trans isomer and /3-estradiol its cis isomer. 
However recent work has cast some doubt on the reality of these spatial configurations. 
Details of this are beyond the scope of this re^new. 
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within the body as a result of decreased inactivation of these steroids 
(Bean (63), Lloyd and Williams (64)) and decreased androgen production, 
for which there is some evidence (Glass, Edmondson, and Soil (60), Lloyd 
and Williams (64)). Gynecomastia was noted in American soldiers wlio 
were prisoners of the Japanese. They suffered from malnutrition and vita- 
min deficiencies. However, although the urinaiy excretion of 17-ketosteroid 
was low, estrogen excretion appeared normal (Klatskin, Salter and Humm 
(65), Salter, Klatskin and Humm (66)). Vascular spiders and palmar ery- 
thema do occur during pregnancy when the estrogen content of the blood 
is exceedingly high. 

Cantarow, Paschkis, Rakoff and their collaborators (67, 68, 69, 70) have 
postulated the existence of a very interesting mechanism in the metabolism 
of estrogens. They have presented evidence to sliow the existence of an 
entero-hepatic circulation similar to that which exists with the bile salts. For 
example, they liave demonstrated higher concentrations of estrogens in 
human bile in pregnant women at term than in the blood. Estrone has 
also been isolated from the bile of pregnant cows (Pearlman et al. (71, 71a)). 
Twent 3 ’’-four to forty-eight hours after the injection of estradiol the bile 
still contains higli concentrations, wliile none could be found in the portal 
or hepatic vein blood or in the urine of the dog. Absorption of estradiol 
from the duodenum of the dog was also demonstrated. After tlie implanta- 
tion of a 15 mg. pellet of estradiol into the spleen of a dog, no estrogenic 
substance could be found in the urine but 178 inicrograms could be de- 
tected in the bile on tlie twenty-third day. Thus, it is postulated that the 
estrogens are not immediatclj'’ inactivated b}'- the liver but that they are se- 
creted into the bile, flow into the duodenum, and are reabsorbed witli tlie 
bile salts into tlie liver. In this fashion there is an entero-hepatic circulation 
with a gradual degradation of these steroids. Longwell and McKee (72) 
could not confirm these results and showed a greater amount of estrogen 
in the urine than in the bile of dogs which had received 1.0 mg. of estrone. 
The activity in the bile was in the nonkctonic fraction (estradiol) while 
that in the urine was in the kctonic (estrone) fraction. It is postulated 
that estrone is converted to estradiol in the liver, where it is then degraded. 

Interrelation between vitamins and estrogens 

Estrus did not occur in rats in which the ovaries had been previousl}^ 
transplanted to the mesentery, a .rite drained in' the hepatic portal system 
(Golden and Sevrlnghaus (73)). This has been confirmed in the rabbit 
(Engel (74)). Similarl\', it was demonstrated (G, IL Biskinrl and Mark 
(75. 7f))) that pellets of crystalline steroids had no estrogenic or androgenic 
effect when implanted into the spleen of castrated rats. When the spleen 
was subsequently transjilanted to a site rlrained by the systemic circula- 
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circulation, the estrogen could be recovered almost quantitatively. Schiller 
(.Ti) also performed iierfusion experiments and obtained inactivation of 
estrogens in the perfusate. He demonstrated the conversion of estradiol 
to estrone to estriol. Stilbestrol is also inactivated by the liver but to a 
somewhat lesser extent (53). 

Oddly enough, certain plant enzymes arc capable of inactivating the 
naturally occurring estrogens (Zondek (54), Graubard and Pincus (55)). 
The enzymatic activity has been shown to occur along with plant tyro.sin- 
asc. laccase and phcnolasc, although not identical with them. This phe- 
nomenon also suggests that, the destruction of the estrogens may occur in 
the “A” ring. This enzymatic oxidation is inhibited by cyanide and salicjd- 
aldoxime. 

Investigations in the intact organism have also demon.strated that the 
liver is the site of the inactivation process. Talbot (56) fed immature rats 
carbon tetrachloride by gavage and noticed an increase in uterine weight. 
Since this did not occur in ovariectomized rats, he postulated that the 
minute amount of estrogen secreted by the immature rat ovarj’- is usually 
inactivated by the liver but in the presence of hepatic damage this process 
fails. Schiller and Pincus (57, 58) demonstrated an increased urinary excre- 
tion of administered estrogens, as compared to controls, in rats which 
were partially hepatectomized. Diet-induced cirrhosis of the liver in 
rats results in deficiency of the degradation mechanism (Shipley and 
Gyorgj' (59)). The results obtained with deficiency diets will be discussed 
subsequent^. 

Similar results have been obtained in the human. Glass, Edmondson and 
Soil (60) have shown that not only do male patients with cirrhosis of the 
liver excrete more estrogens than do normal men but they excrete as 
much as 83-86 per cent of an administered dosage of estrogen. In infectious 
hepatitis, the urinary excretion of estrogen is high and shows a fall during 
convalescence (Gilder and Hoagland (61)). There appears to be a correla- 
tion between the excretion of estrogens and hepatic damage, as e^ddenced 
bj’’ the height of the cephalin flocculation test, in infectious hepatitis. In 
three male patients with hepatitis the urinary excretion varied from 40-50 
micrograms per daj'’ (twice normal) wdien the flocculation test was 4 plus. 
As convalescence proceeded and the flocculation test reverted to normal 
the excretion of estrone and estradiol decreased to within normal amounts 
(Jailer, unpublished data). However, in pregnant women, Zondek and 
Black (62) could show differences in urinarj’’ estrogen excretion only when 
the hepatitis was extremely severe. 

Gynecomastia, vascular spiders, palmar erj-thema, loss of chest and axil- 
lary hair and testicular atroph 3 ^ have been described in patients with cir- 
rhosis of the liver. These phi’^sical signs may be due to excessive estrogen 
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Drill and Pfeiffer (89) and Jailer (90), using different methods, have 
been able to separate the effects of vitamin B deficiency from the concomi- 
tant inanition. Evidence was presented to show that in the presence of 
inanition even huge amounts of the various components of the B vitamins 
are ineffective in reestablishing the ability of the liver to inactivate estro- 
gens (90). However, it is possible that these divergent results are due to 
differences in the strain of rats used by different investigators. Some of the 
animals used by Biskind (Sherman rats) came into constant estrus within 
a few days after being placed on a vitamin B deficient diet. On the other 
hand, Sprague-Dawley rats (Drill and Pfeiffer) and Long-Evans rats 
(Jailer) required eighteen to twenty-one days of a deficiency diet before 
showing constant estrus smears, although in the latter study the urinary 
excretion of thiamine fell to practically zero within a few days after the 
institution of the vitamin B deficient diet. 

Another factor in the synthesis or maintenance of the estrogen inactiva- 
tion mechanism of the liver appears to be the protein content of the diet. 
Gyorgy (91) and Unna ei al. (92) have demonstrated both in vivo and in 
vitro, respectively, that estrogen inactivation fails when the animals are 
on a low protein diet. When methionine and choline were added to the diet 
of these rats, estrone was again inactivated. 

It has been recently shown (Jailer, unpublished data) that if the per- 
centage of protein in the diet is high, estradiol can be inactivated by the 
rat liver in vivo even in the presence of inanition or vitamin B deficiency. 
Other rats on isocaloric diets containing a lower percentage of protein can 
not inactivate the estrogen. Thus it would appear that the protein in the 
diet is the limiting factor in the ability of the rat liver to degrade tlie 
estrogens. 

A different type of relationship appears to exist between the estrogens 
and folic acid. Exhaustion of the folic acid content of the body interferes 
with the normal biologic action of stilbestrol so that it may be possible that 
in some .species at least, the action of stilbestrol is mediated through an 
enzyme system whicli requires the pre.sence of folic acid. When chicks are 
maintained on a folic acid deficient diet and then given stilbestrol, the 
cliaracteristic increase in the size of the oviduct docs not occur (Hertz 
(93, 94), Kline and Dorfman (95)). The normal response can be attained 
if folic acid is added to the diet but will not occur on addition of L. casei 
factor (Plertz). Dicre is also evidence that the same phenomenon may occur 
in the monkey (Hertz). However, another effect of the administration of 
stillicstrol in the chick, namely hyperlipemia, is not influenced by folic acid 
deficiency (Hertz). Koref and Engel (90) have claimed that incubation of 
estrone with folic acid causes an inactivation of the estrone; however, con- 
firmation of this is lacking. 
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tion, the estrogen or androgen al)sorbed from tlic pellet produced its spe- 
eifie effect on the organism (Biskind and Mark (75)). Thus, when the 
liver gets the first, opportunity to act on the estrogen it can completely 
inactivate it. However, there a])pears to be a limit to the capacity of the 
liver to degrade estrogens. When multiple pellets are implanted into the 
rat spleen, estrus does occur (Scgaloff (77)). SegalofT (78, 79, SO) demon- 
strated that intrasplenic injections of estrone and estradiol were much less 
effective in producing estrus as determined by vaginal smear than subcu- 
taneous injection. Tlie dilTerences in elTeclivcness between the two modes 
of administration was less marked with estriol. However, Hooker, Drill 
and Pfeiffer (81) found that in the monkey, pellets of estradiol implanted 
into the spleen were biologically active, even in the presence of a normal 
functioning liver. In the rabbit and guinea pig .splenic implants of crystal- 
line .steroids are inactive, demonstrating hepatic inactivation (Biskind and 
IHeyer (82), Lipschutz cl al. (83)). Employing the technique of splenic 
implantation of estrone and estradiol, Biskind and Biskind (84) found that 
ovariectomized rats would show signs of constant estrus in about ten days 
when fed a diet deficient in the components of the vitamin B complex. 
Thus, as a result of dietary deficiency in the components of the B complex, 
the liver loses its ability to inactivate estrogens. (It still retains its ca- 
pacity to inactivate androgens, however.) Thiamine and riboflavin are the 
components necessar}' for the mechanism of inactivation (SegalofT and 
SegalofT (85), Singher el al. (47)). Singher and his collaborators correlated 
the efficiency of the degradation mechanism of the liver with its concen- 
tration of thiamine and riboflavin. ]M. S. Biskind (86) elaborated on this 
mechanism and ascribed manj’’ clinical conditions of supposed hjqjeres- 
trinism, i.e. “functional uterine bleeding,” cystic mastitis, premenstrual 
tension, postpartum subinvolution of the uterus, diminished libido and 
impotence in the male, to a decreased estrogen inactivation as a result of 
^^tamin B deficiency. The.se conditions are associated with other signs of 
vitamin B deficiencj", for example, glossitis and cheilosis. Biskind further 
claims that under intensive therapy with the B \dtamins these conditions 
soon disappear. However, his therapeutic claims have not been substanti- 
ated, nor do patients with vitamin B deficiency excrete greater amounts of 
administered estrogen than do normal individuals as one would expect if 
the inactivation mechanism were impaired (Zondek and Black (63)). 
Ayre (87) has also claimed that tliiamine deficiency and the resultant hy- 
perestrinism occur in women vdth carcinoma of the cervix uteri, and has 
postulated an etiologic basis for the carcinoma based on these findings. 
This has been questioned by Jailer (88) who could find no difference in 
thiamine saturation between women with uterine carcinoma and selected 
controls. 
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of urinary estrogens indicates a maximum rate of estradiol to estrone to 
estriol conversion and greatest when the total estrogens are low and the 
rate of conversion is low. The former condition is most pronounced wlien 
there is evidence of progesterone secretion or may be attained by the 
administration of progesterone. This is seen in the toxemias of late preg- 
nancy where the high T*n : To ratio can be decreased by progesterone ad- 
ministration. They interpret this as indicating that certain steroids can 
influence the catabolic mechanism of the estrogens (105). However, Heard, 
Bauld, and Hoffman (106) could find no difference in the urinaiy excretion 
of estrogens in the rabbit, when estradiol was administered alone or to- 
gether with progesterone. But the ratio of the doses of estrogen to proges- 
terone given by the latter workers w^s much different from that of Smitli 
and Smith. The ratio of progesterone to estrogen may modify tlie biologic 
action of estrogen (Jones and Astwood (107)). 

The origin of the estrogens 

The steroids are apparently synthesized by the body but little informa- 
tion regarding this mechanism is available. Because of tlie cyelopentano- 
phenanthrene nucleus common to both cholesterol and the steroids, it has 
been tacitly assumed that the latter substances are synthesized from 
cholesterol in the gland concerned. Bloch (108), by use of the isotope tech- 
nique, has demonstrated the conversion of cliolesterol to pregnanediol in the 
pregnant woman, presumably'' in the placenta by'^ way of progesterone. 
Say^ers and Say^ers (109) have correlated adrenal cortical secretion witli a 
decrease in the cholesterol and ascorbic acid content of tl^e adrenal, under 
conditions of adrenotropic hormone injection and stress. A somewhat simi- 
lar phenomenon may'' occur in the ovary, at least as a result of gonado- 
tropic liormone administration. The injection of pregnant mare serum and 
chorionic gonadotropic hormone results in a decrease of ovarian “choles- 
terol” in the rabbit, as shown by'' histociiemical methods (Claesson and 
Hillarp (110, 111)). This observation has been interpreted as evidence that 
the decrease in ovarian cholesterol is correlated with the secretion of estro- 
gen. Althougii Levin and Jailer (112) could show a decrease in total ovarian 
cholesterol, as determined chemically^, in the mature rat ovaiy soon after 
tlie injection of chorionic gonadotropic factor, equine pituitary extract and 
pregnant mare scrum, this decrease in ovarian cholesterol did not occur 
after the administration of an extract of menopausal urine. The latter 
gonadotropin is mostly’ follicle stimulating in action, whereas the former 
three contain luteinizing properties as well, (’onsequenlly', it is entirely' pos- 
sible that the decrease in ovarian cholesterol is indicative of progesterone 
secretion and not of the production of estrogen. Since the fjuantity of 
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The possibility of an “activating mechanism” 

Not only is the liver concerned with the inactivation of the estrogens 
but it is possible that it plays a role in some activating process as well. 
Roberts and Szego (97) have found that in the first twelve to eighteen hours 
after partial hepatectomy, the uterine response to intravenously adminis- 
tered estradiol is markedly reduced in the previously spayed rat. As time 
goes on and the liver regenerates, this response becomes essentially normal 
and at. forty-eight to seventy-two hours there is a supernormal peak. From 
these results, it could be postulated that an hepatic enzj'me is necessary 
for estrogenic activity. However, this would not explain why there is an 
increased activity of the estrogens when they are applied locallj'. The 
phenomenon of the local action of hormones has been recently reviewed 
by Speert (9S). There appears to be some activation mechanism in the ani- 
mal organism. Emmens (99, 100) has demonstrated that the more common 
estrogens (estradiol, estrone, stilbestrol, and others) are much more potent 
when applied locally to the vaginal epithelium than when administered 
parenterally. However, on the other hand, there is a group of sjmthetic 
estrogens (such as triphenylethylene and phenyl stilbestrol) which are 
much more effective when injected than when applied locally. He termed 
the latter group "proestrogens,” because they must be converted by the 
animal body to a more biologically active substance. Segaloff (101) has 
demonstrated that the liver is the site of this conversion, although tri- 
phenjdchloroethylene is no less effective in a partially hepatectomized 
rat than in controls. He (102) has recently shown method bisdehydrodoisy- 
nolic acid (an estrogen originallj’^ prepared from estrone by Doisj’’, in which 
the “D” ring is opened) to be more active when injected intrasplenicallj’' 
than when given subcutaneously. Eversole, Birnie and Gaunt (103) have 
demonstrated that although the liver is incapable of inactivating methyl 
bisdehydrodoisynolic acid when pellets are implanted in the spleen, there 
was no enhancement of its activity as a result of its passage through the 
liver. 

Effect of other hormones on the metabolism of the estrogens 

Although the metaboUsm of the estrogens has been amply investigated, 
the influence of other hormones on tliis metabolism has been barely touched. 
Pincus and Zahl (26) have shown that when progesterone is administered 
together with estradiol, there is a greater excretion of the estrogen in the 
urine. Tins could mean that progesterone exerts a sparing effect on the 
catabolism of the estrogens. Smith and Smith (35, 36, 37, 104) demon- 
strated that the urinary excretion of the apparently nonestrogenie material 
which maj’^ be rendered estrogenic by zinc-h 5 ’'drochloric acid treatment 
differs under varjdng conditions (T,„;To ratio). It is least when the partition 
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estrogen necessary for biologic activity is so minute, it is easy to see why 
the problem of ascertaining estrogen precursors is so clifRcult. 

Addendum 

Since the completion of this manuscript, there have appeared two publi- 
cations in which the authors have emploj'ed radioactive labeled steroids. 
Twombly, McClintock and Engelman (/!?«. J. Ohsl. & Gynec. 56: 260, 
1948) have prepared 7,8 dibromestrone from equilin, employing radio- 
active bromine. Administration of this substance re.sulted in a localization 
of the radioactive bromine in the gall bladder and intestinal tract. These 
observations support the theory of an enterohepatic circulation. Albert, 
Heard, Leblond and Saffran (J. Biol. Client. 177 : 247, 1949) used iodinated 
derivatives of estradiol con.sisting of mono- and diiodo-a-estradiol con- 
taining I'-'". The outstanding feature of the.se observations was also the 
accumulation of the labeled material in the gastro-intestinal tract. The next 
highest concentration of radioacti\'ity was found in the mammary glands. 
In neither report was there any evidence of localization of the labeled ma- 
terial in the ovary, uterus, vagina or liver. It should be emphasized, how- 
ever, that the addition of bromine or iodine to the steroids causes a loss of 
estrogenic acti\'ity, so that the substances administered are not true estro- 
gens. 
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The annual stipend will be £1000 ($4,020.00), An allowance of $600.00 
is made for travel to the site of the fellowship in Great Britain. 

University staff appointment, with teaching duties agreeable to the fel- 
low, is permitted, provided it carries no additional salary and provided it 
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will be permitted during the tenure of the fellowship. 
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Time of Application 

Application forms for British American Exchange Fellowships in Cancer 
Research may be procured from and submitted at any time to the Executive 
Secretary of the Committee on Growth, Division of Medical Sciences, National 
Research Council, 2101 Constitution Ave., Washington 25, D. C. Favorable 
action by the Committee on Growth takes the form of a recommendation 
to the American Cancer Society, and is subject to approval by the Society. 
Fellowships will be made effective at the convenience of the institution and 
the fellow. 

Location of W ork 

British American Exchange Fellowships in Cancer Research are not 
granted to institutions. The place where the applicant chooses to work and 
the person under whose guidance he wishes to work must be approved by 
the Committee on Growth and the British Empire Cancer Campaign. Uni- 
versities or institutions in which fellows plan to work will supply necessaiy 
facilities and equipment. 
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Within thirty days after the termination of eacli year of the fellowsliip, 
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It is understood that results of work carried out b}’- a fellow shall be 
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restriction. Publications should include a statement that the investigation 
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E.xccutive Secretary of the Committee on Growth; and the General Secre- 
tary of the British Empire Cancer Campaign should be notified immedi- 
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LETTERS TO THE EDITOR 


ETHINYL ESTRADIOL 

To THE Editor ; 

I N THE recent excellent review on Ethinyl Estradiol bj" Dr. Kenneth W. 

Thompson, which appeared in this Journal (8: lOSS-1098 (Dec.) 1948), 
a statement was inadvertently made which would seem to indicate that in 
human subjects the material was equally potent whether given by mouth 
or by intramuscular injection. 

AYe have been interested in this estrogen for some time and, as mentioned 
in the review, (Segaloff, A.: Tlie intrasplenic injection of some S 3 ’nthetic 
estrogens and proestrogens, Endocrinology 34; 335-339 (AlajO 1944) have 
reported that, in the rat at least, there is marked hepatic inactivation of 
ethinj'l estradiol. 

Because of this, studies of the comparative oral and intramuscular po- 
tency of ethinyl estradiol were undertaken in man. A more extensive analj'- 
sis of the data obtained was presented at the Laurentian Hormone Con- 
ference (Segaloff, A. ; Aletabolism of estrogens nith particular emphasis on 
clinical aspects of phj'siolog}’’ and function of ovarian hormones, Recent 
Advances in Hormone Research, A''olume 4. In press). 

The method of Allen (Allen, W. AI.; The biological activity of various 
estrogens. South. M. J. 37 : 270, 1944) was emploj’^ed for assessment of the 
estrogen. This method involves the administration of estrogens to women 
in the menstrual age group who have been ovariectomized but who have 
intact uteri. The end point for the assaj' is the occurrence of uterine bleed- 
ing after a standard period of administration. Using Allen’s method, we 
have found that our 50 per cent bleeding dose for women following oral ad- 
ministration is 0.35 mg. per week, which agrees weU with Allen’s 50 per 
cent bleeding dose of 0.4 mg. per week. In the same patients, further studies 
were undertaken with the injection method, using ethinjd estradiol dis- 
solved in sesame oil. It was found that 0.08 mg. per week was sufficient 
to produce withdrawal bleeding in 5 of 10 trials. This, we feel, indicates 
that there is approximately a fivefold difference between the potency’’ bj' 
intramuscular injection and the oral potency of ethinjd estradiol in the 
human subject. This agrees well with data reported for other estrogens 
administered bj'- various routes and utilizing various other end points. 

This letter is not intended to detract from Dr, Thompson’s article in anj’’ 
way but offers additional data which as j'^et are unavailable in the litera- 
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The Virilizing Syndrome in Man 

Drs. Louis J. Soffer, J. Lester Gabrilove, Joseph W. Jailer, and Mildred D 
Jacobs, The Mount Sinai Hospital 
Friday evening, September 16 

VI. Mechanisms of Hokmone Action 

Effects of Hyperglycemic Factors of the Pancreas and of Epinephrine on Glyco- 
genolj'-sis 

Dr. Earl Sutherland, Washington University, St. Louis 
Saturda}'- morning, September 17 
Hormone-Enzyme Relationships 

Dr. Roland K. Meyer, The University of Wisconsin 
Saturday morning, September 17 

Attendance at this Conference is limited by the accommodation avail- 
able at the hotel, but the Committee on Ai-rangements invites applications 
for attendance from interested investigators and specialists in the hormone 
field. The Committee on Arrangements consists of R. W. Bates, E. R. 
Squibb & Sons; R. D. H, Heard, McGill University ; A. D, Odell, Charles E. 
Frosst & Co.; E. C. Reifenstein, Jr., Sloan-Kettering Institute; A. White, 
School of Medicine, University of California at Los Angeles; and G. Pincus, 
Chairman, The Worcester Foundation for Experimental Biology, Applica- 
tions for attendance at the Conference should be sent to tlie CJiairman at 
222 Maple Avenue, Shrewsbury, Massachusetts. Applications to be con- 
sidered by the Committee must be received by June 6, 1949. 




Tlie Laiireiitiaii Hormone Conference 


T he Laurciiliaii Hormone Conference of tlie A.A.A.S. will hold its 1949 
meeting at the Forest Hills Hotel, Franconia, Hew Hampshire, Sep- 
tember 12 through 17. The following program has been arranged: 

I. OvAUtAN PinsiOI.OGY AND Fu.NCTlON 
Biology of the Ovary 

Dr. A. S. rarkc.-s, National Institute for Medical Re.^earch, London, England 
Monday evening, September 12 
Physiology of Estrogenic Hormones 

Drs. K. E. Paschkis and A. Rakoff, Jofi'cr.son Medical College 
Tuesday morning, September 13 

Maintenance of the Corjnis Luteum and Physiologic Actions of Progesterone 
Drs. .Tames T. Bradl)ury, IViitis E. Brown and Laman A. Gray, State Unh'er- 
sity of Iowa and University of Louisville 
Tuesday morning. Sejitember 13 
The Vasculature of the Ovary and Ovarian Function 

Dr. S. R. iM. Reynolds, Carnegie Institute of Washington 
Tuesday evening, September 13 

II. CUE-MrSTRY A.VD PHYSIOLOGY OF THE SeX HoRMONES 

Studies with Estrogen Conjugates 

Drs. G. A. Grant and D. Beall, Ayerst, McKenna & Harrison, Ltd. 

Wednesday morning, September 14 

Chemical Methods for the Estimation of Steroid Hormones and their Metabolites 
Dr. Lem’s Engel, Massachusetts General Hospital 
Wednesday morning, September 14 

HI. Pituitary Physiology' and Function 

Pituitarj' Control of Steroid Segretions 
Dr. Roy 0. Creep, Harvard School of Dental Medicine 
Thursday morning, September 15 
The Present Status of Posterior Lobe Hormones 

Dr. Robert L. Noble, The University of Western Ontario 
Thursda 3 ' morning, September 15 

I\ . Humoral ^Mediators in Nery'ous Transmission 
Sj'mpathetic Neurohumors 

Drs. jM. L. Tainter and F. P. Luduena, Sterling Winthrop Research Institute 
Thursdaj' eY’ening, September 15 
The Acet 5 ’lcholine Sj'stem in Neural Function 
Dr. Ralph W. Gerard, The Universitj' of Chicago 
Frida j’’ morning, September 16 

V. Hormones and Tumors 

Experimental Endocrine Tumors 

Dr. George V'. Woollej', Roscoe B. Jackson Memorial Laboratorj' 

Friday morning, September 16 
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€ Poor circiilalion, wlicllicr of walor in llic radiator or bile in 
the cnleroliepalic system, means trouble. Witli a radiator, 
flusbin", draining, and refiiiing are indicated. With snitaiilc 
patients, 'Biiron’ (Iron Bile Salts, Lilly) serves the same 
purpose. 

Indigestion, constipation, bcadaclics — all such symptoms 
as arc associated with biliary disturbances — often disappear 
after llusbing and replacement tlicrapy with 'Bilron.’ It is a 
pliysiological laxative and choleretic. 'Bilron’ is complete, 
natural, ajid free from extraneous substances. 

Enteric cnfcct is achieved without a coaling. 'I’he interaction 
of conjugated bile acids with iron makes 'Bilron’ acid- 
insoluble and therefore available in the alkaline intestinal 
tract. It is so designed to elitninatc the stomach irritation 
of plain bile salts, yet, in tlie area of need, it proviflcs a most 
})oIeiil <‘holcrcsis. 

I’uImiIcs 'Bilron' are supplied in 2 1/2-grain (0. Ib-Cm.) 
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of the castrate guinea pig after injection of a lipoid extract of bull testis. 
With suitable stains, lipids were found by him to predominate normally 
in the Leydig and Sertoli cells. Since the work of Fellner others have 
confirmed the presence of substances with estrogenic activity in testicular 
extracts. Brouha and Simonnet (5), Zondek (6), Dorfman, Gallagher and 
Koch (7) and Cunningham and his associates (8) have clearly demonstrated 
the presence of estrogenic substance in bull testis; Zondek, the large quanti- 
ty of estrogen in stallion testis; and Laqueur and deJongh (9), tlie presence 
of estrogen in human testis. In 1940 Beall (10) isolated cr 5 ’-stalline alpha- 
estradiol and estrone from horse testis. 

These studies are few in comparison to the number of studies made of 
male urine to determine the presence or absence of estrogens. In this 
regard estrogens have been found in the urine of normal men, stallions, 
geldings and colts, as well as other male animals. In 1942 one of us with 
Vermeulen (11) found moderate amounts of estrogen in the urine of aging 
men with prostatic cancer. Generally, following castration, urinary estro- 
gens fell to low levels; but 3 individuals showed single high postcastrational 
values. 

That estrogen is produced by the testis seems likely from the foregoing 
reports of the presence of estrogen in testicular extracts and tlie decrease 
in urinary estrogens following castration. Where in the testis is estrogen 
produced? 

With increasing time, evidence accumulates indicating that estrogen is 
produced b}'’ the sustentacular cells of Sertoli. It appears difficult to estab- 
lish priority for this concept, but certainl}’- Zuckerman and McKeown 
(12) were aware of this possibility. These authors in a study of 243 dogs 
found testicular tumors present in 35 of tliem. Fifteen of tliese tumors were 
classified as adenocarcinomata, and in 5 of these Sertoli elements pre- 
dominated. These authors, aware of the concept of Witschi (13) — tliat the 
testicular sustentacular cells of Sertoli are homologous with the granulosa 
cells of the ovarian follicle, both ari.sing from the follicle cells of the pri- 
mordial gonia — .suggested that the e.strogenic potency of these tumors was 
related to the fact that Sertoli cells take part in their formation. To them, 
estrogenic potency or action was evidenced in these dogs with testis tumors 
by squamous metaplasia of the pro.static epithelium, enlargement of the 
nipples, increased pigmentation of the skin over the abdomen and strati- 
fication of the urethral epithelium, all of whicli occurred in control dogs 
injected with estrogenic .substances. 

In reviewing the literature Zuckerman and McKeown were impressed 
with the great similarity of the tumors producing feminizing changes in 
their dogs to the three testicular tumors in dogs reported i)y Greulich and 
Burford (14). The writers in reviewing these articles were impresseri with 
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O NE hundred 3 'ears ago Berthold (1), on the basis of transplantation 
experiments in the cock, presented evidence that the testes exert 
decided effects on the organism through the blood stream, independent of 
established nervous pathways. Since then tremendous energy* has been 
expended on determining the nature of the hormones elaborated by the 
testis, the cells responsible for their production and the ph 3 ’’siologic 
actions of the hormones produced. Primarih'-, workers have concerned 
themselves witli a stud}" of testicular substances having masculinizing 
effects but considerable work has been done in regard to feminizing testic- 
ular influences. Without reviewing the evidence, it seems fair to saj" that 
mo.st workers agree that masculinizing effects are secondarj" to the pro- 
duction of an androgenic sub.stance or .substances presumed to come 
exclusivel}" from the interstitial cells of Lej^dig independent of the gener- 
ative tissue of the testis (2, 3). However, there is a considerable bod}" of 
evidence to suggest that tubular activity contributes to hormone produc- 
tion. 

Fellner in 1921 (4) appears to have been the first to suggest, on the basis 
of experimental findings, that the te.stis produced a substance with a 
feminizing or estrogenic action, observing an increase in uterine weight 
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animal excreted 1.6 milligrams of 17-ketosteroids per day and 20 international units of 
estrogen per day. Follicle- stimulating hormone determination gave negative results in all 
dilutions, indicating less than 38 mouse units per da 5 ^ Simply expressed : urinarj' estro- 
gens were high, 17-ketosteroids low and gonadotropins not demonstrated. 

Decision was made to remove the testicular tumor and to take a specimen of the 
prostate gland and one of the breasts for biopsy. This was begun, but unfortunately the 
animal died postoperativel 3 ’’, presumably from too mucli nembutal, and all tissues neces- 
sary for study were obtained immediately postmortem. 



Fig. 1. Photograph of abdomen of Dog T. with tlio pigmeritcfl .«kin, prominoiifly 
enlarged niiiple.^ and enlarged .‘■crotal sac jilaiid^' demonstrated. 


A utopsij 

The right testis was found almost (■omi)letely replaced by a tumor. 4..a x4..') xf» 
centimeters .and weighing 4.5 grams (Fig. 2). The ej)iflid\’mis was normal. ( ro--: sec- 
tions of the tumor showed hard, moist, gre\-ish-\'ellow tisane in which .-ofter, vcrv grey 
tumor ti'sue -IX'lXti centimeters, cont.aining sanguineous fluid, surrounded tiie ab- 
dominal aorta. Examination of the left te.-ti- ami of all (.ther ti-ue< save of the <'enfral 
uervoU' sv>teni. revealed nothing abnorm.al. 
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the striking similarity in histologic pattern of the adenocarcinomata 
reported by the above authors and the “Sertoli-cell tumor” to be described 
here. 

In 1945 Huggins and Moulder (15) in a study of 5 dogs with feminizing 
testicular tumors of spontaneous origin reported the results of their investi- 
gations which included a description of the gross and microscopic anatomic 
status of the animal, an analysis of the tumor lipids and of the tumor 
estrogens. Their results clearly indicate that in the dog, feminizing tumors 
exist which are high in lipid content, high in estrogen content, and give 
the appearance of being composed predominantly of Sertoli cells which 
retain their normal character of accepting fat stains. They concluded that 
“the cells of Sertoli in the testicular tubules produce estrogen.” 

Recently one of us, having aided in the estrogen assays of the animals 
reported by Huggins, had occasion to recall his work and to institute a 
studj' of a male dog with a feminizing testicular tumor. 

Case History of Dog T 

This male English setter had always been well until 12 years of age. At this time it 
was first noticed that the hair became generally somewhat sparse and that over his 
lower back it was occasionally lost entirelj'. Local veterinarians felt that it did not 
represent the usual picture of “mange,” but were unable to make other diagnoses. This 
complete loss of hair over the base of the tail occurred at intervals, with periods of re- 
growth, for no apparent cause and with no therapj*. This area apparentl}' was extreme!}* 
itchy. About the same time, marked pigmentation of the skin of the abdomen and testes 
was noted, to which no significance was attributed. The pigmentation persisted until 
death, with what was definitely thought to be alternate increases and decreases of in- 
tensity. Six months after the onset of the above signs, it was noticed that male dogs of 
the neighborhood were being attracted to the house. It then also became ob\'ious that 
these male dogs were being sexually attracted to Dog T and repeatedly attempted to 
mount him, whenever he was taken out. Dog T %'igorously resisted such approaches. 
The dog’s health remained good however, until one year after the onset of the skin pig- 
mentation when it was noticed that the right testis was greatly enlarged to at least 
twice the size of the left. The right testis was hard and nontender. At this time slight 
difficulty with urination seemed apparent, but this symptom was not definite. There was 
also noticed marked enlargement of the nipples, particularly of the posterior ones. 
There was no weight loss, anorexia or apparent discomfort. Because it seemed that aU 
the above findings must be related. Dog T was brought to the hospital for stud}*. 

Physical and laboratory findings 

Examination of this animal revealed no eridence of weight loss and good general con- 
dition except for moderate alopecia, particularly of the abdomen and tail. There were 
numerous spots of black pigment in the skin of the abdomen and scrotum. The breasts 
were enlarged (Fig. 1). The right testis was stony hard and twice the size of the left. 
The prostate gland was enlarged to 2 or 3 times normal size. 

The dog was placed in a metabolism cage and urine collected for a period of five dav’s, 
3800 cubic centimeters being obtained during this period. Analysis showed that this 
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Microscopic cxnnnnalioii 

“Sections of the tumor siiow atropic testis tubules compressed I)y a nonencapsulated 
tumor (Plate 1; Figs. 3 ami •}). Tliere is a Ivibular arrangement in some areas although 
definite lumina are seldom iiresent. The appearance is occasionally that of solid te.sticular 
tubules, but most regions show large nodules and sheets of cells (Fig. .5). The tumor 
cells often present a palisading effect with their long axes perpendicular to the base- 
ment membranes of the tubules or to connective tissue strands and blood ve.ssels of the 
solid portions. In some areas, the tumor is scattered tbrougb atrophic testis, and here’ 
the appearance is that of either local infiltration inside intact testis tubules or of the origin 



Fig. 2, Hemisection of the tumor. The tumor bulges from the cut surface. It is ar- 
ranged in lobules with areas of hemorrhage and softening. It is grosslj' circumscribed, 
markedly compressing the surrounding testicular tissue. 

of the tumor within the tubules themselves (Fig. 6). The nuclei of the tumor are large and 
vesicular with prominent nucleoli. ^litotic figures are rare. The cj-toplasm is pale, 
scanty and forms, in some areas, a syncj’tium. Fat stains show abundant fat droplets, 
large and small, in the tumor cells as well as in the connective tissue immediately sur- 
rounding the smaller tubules (Fig. 7). Lej’dig cells are not seen. 

“The tumor in the periaortic nodes is composed of large sheets of similar cells which 
contain much less lipoid. 

"The prostate reveals striking squamous metaplasia (Fig. S). The breasts show marked 
cystic h 5 "perplasia, gi-\-ing a ‘thyroid’ appearance to the low power \-iew (Fig. 9). The 
left testicle shows atrophy with but few Leydig cells. Other sections are normal.” 



Plate 2 



Fig. 7. ( X300) Sudan stained frozen section of the main tumor mass. There is con- 
siderable fat in tlie tumor cells as well as in the connective tissue immediate!}' surround- 
ing the tumor masses, as seen in low center of figure. 

Fig. S. (x300) Hematoxylin and eosin stained section of prostate shows clearly the 
squamous metajilasia seen throughout all sections of the prostate. 




Flc. n. ( XfifI) Ib'iiKitoNyiin and co-in -t.-iim* I 'cction 

tli(' (‘iilarnf'd nipi'lf' 'how- cx'trfini' dilatatinn <i! briM-t 
louuituditially cut uiainmary fliict. 


t!ir<iii;;h lirca-f in »>nc (■; 

acini and du(U-, ^urrniindin'j; a 
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Aunhjai.t of tlic tumor for cstropcn giivc a value of 7.2 inicroprams ])cr kilogram ex- 
pressed in terms of alidia-ostradiol, a value hetAveen those reported by Huggins for 
these tumors. 

Ju stiinttiarii, a sudanophilic tumor with a high content of estrogen is seen to bear 
resemblance to those described in dogs as adenocarcinomata, “tubular adenomas’’ and 
as “Sertoli cell tumors.” Squamous metajilasia of the prostate epithelium and cystic 
Iiypcrplasia of the breast, similar to tliat found in dogs experimentally given estrogen is 
present. This tumor, described as benign in dogs, has here followed a prolonged course 
but has been found to have metastasized to abdominal lymph nodes. 

DISCUSSION 

US now turn to the human for evidence of estrogen production by 
the testis. In 1942 Witschi and Mengert in a study of two “sisters,” 
examples of genetic intersex, prc.scntcd evidence supporting their conten- 
tion that “the sustentacular cells of the seminal tubules were the producers 
of female sex hormones which predominated in the hermaphrodites (the 
two “sisters”) prior to castration.” These two “sisters” observed bj' Witschi 
were almost identical in anatomic status. They were of almost equal age, 
24 and 26 years, respectively. They had been raised as girls, possessed 
feminine voices and orientation, had well-developed breasts and a straight- 
topped female escutclieon of pubic hair. Tlieir skin was smooth, and facial 
skin free of beard. However, their sex organs were predominantlj’^ male in 
character. Each had a bifid scrotum with two well-developed testes which 
on biopsy showed the tubular appearance of testis. Before surgery, urinary 
hormonal studies made in one of them showed moderate to normal estro- 
genic activit}’’ and only slight androgenic and gonadotropic actmt 3 ^ 
Three and one-half years after castration, urinary estrogen had decreased 
markedlj’’ and gonadotropic acti\-ity had increased to 100 rat units per 
da 5 ^ At the time of removal of the scrotal gonads, exploratorj’’ laparotomj^ 
revealed no female pelvic organs. Sections of the scrotal gonads were said 
to show that the seminal tubules contained “an abundance of sustentacular 
cells of Sertoli.” Alaturation of sperm, to and beyond the stage of primary 
spermatocjdes, appeared only rarely. No evidence of ovarian tissue could 
be seen. 


Fig. 3. ( X60) The low power photomicrograph shows a suggestively tubular pattern. 
In spite of prompt fixation and slow dehydration, considerable shrinkage unfortunately 
occurred. 

Fig. 4. (X60) Other areas of the primary tumor and most of the metastatic tumor 
show more solid sheets of cells separated b 3 " acellular connecth'e tissue strands. 

Fig. 5. (XoOO) Cellular detail of the more solid portions of the tumor. 

Fig. 6. ( X300) Atrophic testicular tubules, adjacent to the tumor, surround a tubule 
replaced bj' tumor cells although the basement membrane remains intact. This probabb' 
represents invasion from the main tumor mass although multicentric origin of such tu- 
mors has been postulated on the basis of such a finding. 
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reduction in the size of the breasts. The tumor was considered an interstitial 
cell tumor. Powell (25) mentions a benign tumor, questionably an inter- 
stitial cell tumor, in which an excess of estrin was found in the urine. Oster- 
gaard (26) recently reported a case of a 28-year-old man with gynecomastia 
and increased estrin in the urine without excretion of gonadotropin. No 
changes in sexual potentia occurred. After removal of the benign testicular 
tumor, the urinary estrogens fell and the gynecomastia subsided. The 
tumor was thought to represent an adrenal rest tumor. 

Finally, Teilum (27, 28) reported a case of a 58-year-old man with gjmeco- 
mastia, impotence, increased urinary estrogens and a sudanophilic tubular 
adenoma of the testes resembling rare types of ovarian tumors mentioned 
b}^ Pick and considered to be a variety of an arrhenoblastoma. Photo- 
micrographs of this tumor bear close resemblance to the tumors described 
here in dogs. 

In 1947 Castillo (29) and his associates presented evidence for a syn- 
drome “produced by absence of the germinal epithelium without impair- 
ment of the Sertoli or Leydig cells.” This syndrome is based on a series of 
5 patients, aged 22 to 36 years, all of whom complained of sterility. These 
patients were normal on physical examination except for bilaterally small 
testes which on section were interpreted as showing small seminiferous 
tubules with normal basement membranes and Sertoli cells but with 
“complete” absence of germinal epithelium. Leydig cells appeared normal. 
Of primal'}'' interest to the discussion of the moment is tliat tliese indi- 
viduals excreted normal amounts of follicle-stimulating liormoiie. Castillo 
and his co-workers suggest that the Sertoli cells produce a substance similar 
to estrogen, which regulates the production of the follicle-stimulating 
hormone of the pituitary. Here, as in the case of the next syndrome to 
be described, disease had produced a .specific lesion of tlie germinal epi- 
thelium without apparent damage to either the Sertoli cells or cells of 
Leydig. 

In considering testicular hormones other than masculinizing ones, 
mention of a second liormone commonly brings to mind a .substance known 
as “inhibin.” Based on experimental findings, Mott ram and Cramer (30) 
in 1923 were the first to suggest that the germinal epithelium of the testis 
secretes a hormone distinct and independent from that of tlic Leydig 
cells. Support for this concept has come from the investigations of Martins 


and Rocha (31), McCulIagh and Walsh (32), and VidgofT and associates 
(33). as well as others. These authors have postulatcfl that, the germimi! 
e})ithelium secrcues a water-soluble hormotie which functions in the in- 
hibitory action of the testis on the pituitary. 

In 1942 Klinefelter, Reifen^tein and Albright (34) presratfed evidence 
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Esfrogei\-producing testicular tumors occurring in clogs, such as in our 
case, Huggins’ ami others, must hoAvever, be excessively rare in humans. 
This is particularly true if masculine pseuclohcrmaphroditc patients be 
excluded. Similar tumors without endocrine disturbances are also rarely 
reported. 

In 1905, Pick (IG) described both .single and multiple adenomas in ectopic 
testes of masculine pscudohermaphrodites. The.«e were called “adenoma 
tubulare testicularii ovarii” because of their similarity to ovarian tumors 
in both ‘normal’ women with menstrual difTiculties, and in Avomen with 
associated masculinization. This type of tumor has been considered as 
arising from Sertoli cells, being compo.'^ed of cylindrical cells with palisad- 
ing nuclei and cytoplasmic .syncytia arranged in a tubular pattern, although 
other theories have I'.cen entertained. Chevassu (17) in 1900 found 3 of 
128 testicular tumors to be tubular adenomas of either Sertoli cell or 
.spermatogonia origin. Ewing (18) dc.scribed 2 “ptire adenomas” in ca.ses of 
undescended testes and another in a p.seudohermaphrodite. The micro- 
.ccopic picture de.scribed appears similar to that seen in dogs. iMonaschkin 
(19) reported a case of gA'necomastia occurring in an otherwise normal male 
but it- is difficult to ascertain from cither the pictures or the description 
whether this tumor could be considered an adenoma of the tubules or 
whether it was an interstitial cell or adrenal rest tumor. Rea (20) noted 
a case of a “carcinoma” of the undescended testes of a pseudohermaphro- 
dite and considered that there were 51 cases of pseudohermaphrodites with 
ectopic testicular tumors, presumably adenomas, reported in the liter- 
ature. 

Engle and associates (21) in reporting a follow-up on a case of true 
hermaphroditism, Avho had been made “male,” described the deA^elopment 
of breasts at puberty even though the female elements had been removed 
four j'ears before. Their photographs of the sections of the testis biopsj’’ 
specimen reA^eal seminiferous tubules packed with Sertoli cells, which look 
much like the tumor described here. 

Pace and Cabot (22) described 3 cases, taken from 24 specimens of 
undescended testis remoA'ed for repair of herniae, Avith “adenocarcinoma.” 
The photomicrographs of these tumors sIaoaa' tubules of palisading C3dindri- 
cal cells with intact basement membranes, similar to those described b}’’ 
Pick and others. ICriickmann (23) described a case similar to Pick’s in a 
masculine pseudohermaphrodite, with multiple tubular adenomas of the 
ectopic testes, absence of OA^aries and marked gjmecomastia. Hunt and 
Budd (24) reported a case of a 42-3^ear-old man AA'ith gjmecomastia, loss of 
libido, and a positrie Aschheim-Zondek te.st but with a benign testicular 
tumor shoAAing on analysis 20 mouse units of estrin in 1.73 grams of 
tumor tissue. FolloAving orchidectomj’^, there was return of libido and a 
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nation of testicular biopsy specimens in these individuals showed lesions 
involving the tubular elements. In the advanced stages, h 3 ^alinization of 
all tubular elements was noted (both the germinal epithelium and Sertoli 
cell elements) but there was no destruction of. the Leydig cells. These 
authors postulated a “dual hormone theory of testis ph 5 ^siology” suggesting 
that the second hormone — the hormone of the germinal epithelium — is 
“inhibin” and that “inhibin” is analogous and probably very similar to 
estrin. 

In a comparison of these two sjmdromes, that of Castillo and that of 
Klinefelter, the specific difference lies in the presence of Sertoli cells in tlie 
former. A hormone produced by Sertoli cells and having a pituitaiy- 
inliibiting action would explain normal values for follicle-stimulating hor- 
mone observed in the Castillo syndrome. Absence of Sertoli cells and their 
secretion, in the syndrome described by Klinefelter, would explain the 
high titer of follicle-stimulating liormone observed in his patients (Table 1). 

Certainlj'- many of the actions of estrogens are similar to those reported 
for “inhibin.’’ To enumerate onlj’- a few, estrogens inhibit the increased 
production of gonadotropins by the pituitaiy of the castrate and have been 
observed to cause a regression of the prostate and seminal vesicles of the 
normal rat. Both of tliese actions have been reported for “inhibin.’’ 

Evidence against a second liormone of tlie testis, whetlier it is estrin or 
“inhibin,” is based on the observation that an androgen, sucli as testos- 
terone, will inhibit gonadotropin production b}^ the pituitaiy. There is 
little doubt as to the accurac}'’ of this observation but question has been 
raised as to whether testosterone will effectively inhibit pituitaiy gonado- 
tropin secretion when given in plij’^siologic amounts. In this regard the 
observations of Howard (35) are of interest. He observed that effective 
pituitaiy inhibition in the human could be obtained with much smaller 
amounts of estrogen than of androgen. Specificalljq in a castrate male, 
1.0 milligram of dietii.ylstiIbestrol eveiy two days was effect ii'c in the con- 
trol of liot flashes and cau-sed a drop in urinary gonadotropins from above 
OG to Ic.^s tlian 6 mou.se units per day; 50 milligrams of te.st os t crone 
propionate every two da.vs was not effective in reducing gonadotropins to 
52 mouse units per da}', the upper limit of the normal range. 


SUMM.VUY 

Evidence is presented to suiistantiate tlie findings of others that, in the 
(log. feminizing testicular tumors exist which appear to lie comiiosed of 
H('rtoli cells, are rich in lipids, and {)rodnee consider.-dde qu.antifie.-.; of 
estrogen. This evidence combiiu'd with other studies in hnnians in which 
estrogen production aj^wars to lie relat(‘d to the prcsenc(‘ of .^ertoli cells, 
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Tajilk I* 

Tabui-atiox of tuf, Diffkuencks between- the Klinefelteh, Reifenstein' and 
Aeduight Syndhome (1942), Eunuchoidism with Incheased F.S.H. Exche- 
TioN, THE Castration Syndrome, and the Syndrome Here Described 



No. 1 

Klinefelter, 
Reifenstein, 
and Albright 
(1942) 

No. 2 

Eunuchoidism 

%vith 

increased 

F.S.H. 

No. 3 

Castrates 

No. 4 

Syndrome 

here 

presented 

Clinical manifesta- 
tions of hypolcy- 
digism 

absent or 

scarce 

present 

present 

absent 

Gynecomastia 

present 

frequently 1 
jirescnt | 

frequently 

present 

absent 

17-ketostoroids 

1 

normal or 
subnormal 

) 

reduced | 

i 

reduced 

(usually) 

1 reduced 

F.S.H. 

increased j 

j increased 

increased 

normal 

Azoospermia 

present 

present 

present 

present 

Sertoli cells 

destroyed 

absent or 
atrophied 

absent 

present 

Germinal 

epithelium 

intense 

lesion 


absent 

absent 

1 

Walls of the tubules 

hyalinized 

absent or 
atrophied 

absent 

normal 

Leydig cells 

apparent 

hyperplasia 

absent 

absent 

apparent 

hyperplasia 

Testis size 

small 

absent or 
atrophied 

absent 

small 


* Reproduced in its entirety from the article by del Castillo, Trabucco and de la 
Baize (29). 


for the existence of a new syndrome. This syndrome, based on a study of 
9 males, aged 17 to 38 years, is described as beginning in adolescence and 
is characterized by the findings of bilateral gjmecomastia, small testes, 
aspermatogenesis and increased urinary gonadotropin. Histologic exami- 
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forms the basis for the i)ostuhite. that the second hormone of the testis is 
an estrogen produced by the snstentacular cells of Sertoli. 
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In order to insure adequate urine volumes, the subjects ingested ample 
amounts of fluid starting two hours before and continuing until six hours 
after ACTH administration. Inclusive of the volume infused during this 
period, M.L. had a total fluid intake of 1800 ml,; M.J., 1200 ml. 

Two preparations of ACTH^ were employed. The properties of these 
products, presented in Table 1, show that they are potent adrenocortico- 
tropins which contain only traces of other pituitary hormone activities, 
M.L. received 240 mg. of one preparation (37-KE), an amount equivalent 


Table 1. Biologic Properties and Doses of the ACTH Preparations 



Preparation 37-KE 

Preparation 43-B{G-59703) 

ACTH activity 

— 41.5 ±12 per cent of Ar- 

— 16 ±4 per cent of Ar- 


mour standard La^l-A* 

mour .standard La-l-A 

Posterior pituitarj'^ hormones 

—oxytocic— 0.0025 U.S.P. 

— 0.0036 unit per mg. 


unit per mg. 



— pressor — 0.005 unit per 

— 0.0045 unit per mg. 


mg- 


Prolactin 

— 0.5 unit per mg. 

— 1 unit per mg. 

Growth hormone 

— negligible 

— negligible 

Gonadotropins 

— 2.0 Collip units per mg. 

— 3.5 Collip units per mg. 

Thyrotropin 

— 0.037 ±0.06 Evans chick 

— ? 


unit per mg. 


Moisture 

— 5.96 per cent 

— ? 

Administered to 

—M.L. 

—M.J. 

Total amount infused 

— 240 ing. 

— 330 mg. 

Total ACTH activit}'- infused 



equivalent to La-l-A 

— 100 mg. 

— 50 mg. 


* Highb’’ jiotent Armour ACTH standard. 


in ACTH activity to 100 mg. of a purified standard (La-l-A, Armour) ; 
M.J. received 330 mg. of tlie other preparation (42-B), an amount equiv- 
alent in ACTH activity to 50 mg. of the same standard. Despite the large 
doses administered, evidence of pressor activity was not observed in either 
subject; inhibition of diuresis, a most sensitive index of posterior pituitary 
activity,^ occurred in M.L. only. 

Before the infusion of ACTH was started, both subjects were examined 
for their sensitivity to the ACTH preparations by ophthalmic and intra- 
dermal tests, and gave negative responses. Moreover, when reexamined 
by the same tests six weeks after the experiment, neither subject showed 
any evidence of acquired sensitivity. 

' Kindlj^ supplied hy Dr. Jolm ?tIote of tlie Armour Laboratories. 

'■! Quantities as small as 0.5 pressor unit injected intramuscularly will produce a marked 
inhibition of water diuresis (4). 



METABOLIC ACTIONS AND FATE OF INTRAVE- 
NOUSLY ADMINLSTERED ADRENOCORTICO- 
TROPIC* HORMONE IN MANt§ 

GEORGE SAYERS. Ph.D., THOMAS W. BURNS, M.D., 
FRANK H. TYLER, 2^r.D., B. V. JAGER, M.D., 
THEODORE B. SCHWARTZ, M.D., EMIL L. 

SMITH, Ph.D., L. T. SAMUELS, Ph.D. and 
HOR.VCE W. DAVENPORT, Ph.D. 

From (he Deportments of Phormoeotogij, Medicine, Bwchemistnj and Physiology, 
and the Laboratory for the Study of Hereditary and Metabolic Disorders, 
Unieersity of i’tah College of Medieinc, Salt Lake City, Utah 

T he metabolic alterations following the administration of pituitary 
adrenocorticotropic Iiormone (.\CTH) by the intramuscular or sub- 
cutaneous route have been reported bj' a number of investigators (1, 2, 3). 
The present studj’ concerns the metabolic actions and fate of single large 
doses of ACTH injected intravenoush^ Special attention has been paid to 
the temporal relationship between the dynamic changes which occurred 
in certain constituents of the body fluids and the titer of tropic hormone 
in the plasma. Renal excretion of the administered hormone has also been 
studied. 

.MATERIAL AND METHODS 

The 2 subjects of these experiments were healthy male medical students; 
M.L. was 26 years old and weighed 84 Kg., and M.J. was 29 j^ears old and 
weighed 89 Kg. They were on a controlled diet and lived in the metabolic 
ward of the Department of IMedicine for a number of daj^s before and during 
the hormone studies. Subject i\I.L. consumed 3100 calories per daj^ which 
included 360 Gm. of carbohydrate. Subject M.J. received 2450 calories 
per day which included 260 Gm. of carbohydrate. Breakfast was withheld 
from both subjects on the morning of the experiments, but a meal was 
given six hours following the beginning of hormone administration. For 
M.L. this meal contained 100 Gm. of carbohych’ate; for M.J., 80 Gm. of 
carbohj’^drate. Both subjects were again fed during the tenth hour. This 
meal contained 150 Gm. of carbohj’^drate for M.L. and 110 Gm.'for M.J. 

Received for publication December 20, 19-18. 

* The term tropin is the form used by the Journal. The authors favor trophin. 
t Supported by grants from the American Cancer Society, recommended bj^ the 
Committee on Growth of the National Research Council; from the Armour Laboratories; 
and from the U. S. Public Health Ser's’ice. 

§ Most of the data appearing in this paper were presented before the thirtieth annual 
meeting of the Association for the Study of Internal Secretions, Chicago, June IS, 1948. 
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Table 2. Plasma Titers of Intbavenously Administered ACTH 


Subject 

Time in hours 
following 
beginning 
of ACTH 
infusion 

Plasma 
injected into 
test rats (ml. 
per 100 Gm. 
body weight) 

No. 

of 

rats 

Response as 
measured by re- 
duction in ascor- 
bic acid (mg. per 
100 Gm. adrenal 
tissue,* av. 

& std. error) 

Estimate of 
concentration 
of ACTH in 
plasma 
(micrograms 
per 100 ml.) 

M.L. 

0 

2 

4 

16± 3 

<10 

End of one hour 
infusion period 

0.1 

4 

75 ± 4 

250-1000 

0.5 

3 

124+ 6 

1 

2 

1 

1.0 

4 

53±11 

25-100 

1 

3 

1 

2 

3 

14 ± 6 

<10 

6 

2 

3 

24±11 

<10 

9 

2 

3 

-5± 5t 

<10 

12 

j 

2 

4 

14 ± 7 

<10 

24 

1 

1 

2 

-12t 

<10 

1 

M.J. 

0 

2 

5 

9± 6 

<10 

End of 30- 
minute 

infusion period 

0.5 

4 

111±15 

inn iinn 

2 

4 

131 ±17 


1 

0.5 

i 4 

{ 

38+4 

50-150 

2 

‘ 3 

111+ 5 

1.5 

2 

4 

53 + 16 

25-100 

2 

2 

5 

31+8 

10-40 

3 

2 

7 

18+10 

<10 

6 

2 

5 

17± 7 

<10 


* Left adrenal removed as control. Plasma injected via tail vein. One hour later right 
adrenal removed. Response expressed as difference in concentration of ascorbic acid be- 
tween left and right glands. 

f Negative sign means concentration of ascorbic acid in right gland greater than that 
in left. 
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The honnonc preparations were infused in 200 nil. of physiologic .saline. 
For the first snhject, M.L.. the time of infu.sion was one hour, but approxi- 
mately 75 per cent of the total amount was given at a constant rate during 
the last half-hour. In the case of M.J., the entire 200 ml. was infused at a 
constant rate over a period of one-half hour. 

For ACTH determinations, plasma and urine samples were shell frozen 
ready for lyophilization within a period of one hour following their procure- 
ment. Studios of two of the authors ((1. S. and T. M'. B.) have shown that 
the procedure is clTective for preserving .\CTH activity. ACTH activity 
was determined by the adrenal a.scorbic acid-depletion method of Sayers, 
Sayers and Woodbury (.5). 

Blood sugar was determined by the colorimetric copper method of 
Xelson (6) and Somogyi (7); .‘-crum phosphate, by the technic of Fiske 
and SubbaRow (S). Urinary nitrogen was measured by ne.s.slerization 
following digestion of the sample. 

The hematologic studies were conducted In- routine clinical methods 
except for the eosinophil counts which were determined according to the 
method described by Forsham ct al. (2). 

Serum proteins were characterized by electrophoretic studies in a Ti.seli- 
us apparatus equijiped with the Longsworth schlieren scanning de^'ice. 
The mea.surements were conducted at 1° C after equilibration for forty- 
eight hours with diethyl barbiturate (veronal) buffer at pH 8.5 to S.6 and 
at an ionic strength of 0.1. Photographs were taken of the descending 
boundaries only. The protein concentration in the cell was 1.5 Gm. per 
100 ml. 

Antistreptolysin 0 was measured by the method of Todd (9) as modified 
by Lancefield (10).- Isoagglutinins, agglutinins to t 3 'phoid H and 0 
antigens, and diphtheria antitoxin were estimated b}' procedures recom- 
mended bj' Enders (11). In subject M.L. the serum gamma globulin was 
measured immunologicalH bj’ the quantitative precipitin technic (12). 
The antiserum for this determination was prepared bj' immunizing rabbits 
to a highly" purified human gamma globulin. 

Peptidase assaj’s on samples of serum were performed within twentj*- 
four hours of the withdrawal of the blood specimens. The measurements 
were made b^The titration of liberated carboxjd groups (13). The h 3 'drol 3 ^sis 
of the following was studied; gl 3 ’^C 3 dgl 3 ’'cine (gl 3 'C 3 dgWcine dipeptidase (14)), 
trigtycine (tripeptidase (1.5, 16)), gl 3 ’^C 3 d-L-proline (prolidase (16)), and L- 
leucinamide (leucine aminopeptidase (15, 17)). 

Uric acid was determined b 3 ’’ Archibald’s modification of the technic of 
Kern and Stransk 3 ^ (18) as described b 3 ’' Forsham ei al. (2). The Jaffe 
reaction (19) was applied to the determination of creatinine and creatine. 
Sodium and potassium in plasma and urine were measured in a flame 
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in the plasma of M.J. correspond to the smaller dose of ACTH which was 
given to this subject. 

Samples of urine were obtained at various times during the course of 
the experiment. The concentration of hormone in the urine was never 
greater than 10 micrograms per 100 ml. of urine. It may be estimated that 
in each subject less than 200 micrograms of ACTH appeared in the urine, 
during the 24-hour period following hormone administration. Unless the 
hormone is present in the urine in some inactive form, renal excretion can 
be disregarded as a significant factor in the elimination of ACTH from the 
body. 

The very rapid disappearance of the administered hormone from circu- 
lating plasma may be due to inactivation and/or rapid diffusion of the 


Table 3. Alterations in Body Fluid Constituents Associated 
WITH Gluconeogenesis 







Urinary 

Urinar}’- 


■ Time in hours 

Blood 

Serum 

Urine 

phospliate 

nitrogen, 

Subject 

following 

sugar, 

phosphate, 

collection 

e.Ycretion, 

mg. N per 

beginning of 

mg. per 

mg. per 

periods* 

mg. per 

mg. creat- 


ACTH infusion 

100 ml. 

100 ml. 


mg. ere- 

inine per 



1 

! 



atinine 

min. 


0 

98 

4.8 

-1- 0 

— 

6.2 


1 

1 118 

— 

0- 1 

— 

4.9 


2 

96 

4.1 

1- 2 

— 

6.3 


3 

105 

4.1 

2- 3 

— 

6.8 


4 

103 

3.9 

3- 4 

— 

7.6 

M.L. 

5 

112 

4.5 

4- 5 

— 

9.7 


6 (Meal 6.0) 

96 

4.8 

5- 6 

— 

5.8 


9 (Meal 9.5) 
12 

205 

103 

4.1 

4.6 

6- 9 
9-12 



5.7 

4.8 


24 

100 

4.4 , 

12-24 1 

— 

4.8 


0 

82 

3.5 

control 

0.39 

6.7 





24 hours 




2 

78 

3.5 

0- 3 

0.26 

7.5 


3 

93 

4.0 , 

3- 6 

0.37 

16.3 


6 (Meal 6.0) 

97 

3.9 



M.J. 

6.7 

162 

i 3.6 





7.1 

197 

3.3 

6-12 

0.39 

7.7 


7 9 , X 

183 

4.0 




(Meal 9.5) 

104 

— 

12-24 

0.54 

7.5 


24 

85 






* numbers in this column indicate hours following the beginning of ACTH infu- 


sion. 
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photometer with an internal lithium standard; chloride was determined 
by the method of Schales and Schales (20) with precautions regarding 
pH (21); plasma pH was measured on a standardized glass electrode and 
the CO; content of the plasma by the manomctric technic of Van Slyke 
and N^eill (22). Blood for the above analyses was obtained from the ante- 
cubital vein without venostasis and without exposure of the blood to air. 

Urinary 17-kctostcroids were measured by the technic of Callow (23) 
corrected for interfering chromogens as outlined by Talbot (24). Neutral- 
lipid reducing substances in the urine were determined by the method of 
Heard, Sobcl and Yenning (25) which measures all steroids with a C;o car- 
bonyl group, thus including dcsoxj'corticosterone and the Cn oxygenated 
cortical hormones. 

RESULTS 

Clinical ohservaiions. Untoward reaction to the hormone was minimal. 
ALL. had a mild, shaking chill of undetermined origin, which began 75 
minutes after the start of the infusion and lasted for twenty minutes. Tliis 
subject’s temperature was 97.5° F. at the end of the chill and one hom 
later had risen to 99.4° F. No significant alteration in blood pressure oc- 
curred during the course of the experiment in either subject. The post- 
infusion course of AI.J. was entirely uneventful. 

Fale of adrenocorticotropin. The ACTH content of bodj' fluids is ex- 
pressed in terms of the amount of the standard which would produce an 
equivalent response in the bioassay animal. Assays on control plasma and 
urine samples taken from both subjects before the experiment indicated 
that ACTH was not present in detectable amounts, i.e., there was less than 
10 micrograms per 100 ml.^ 

The data in Table 2 show that the concentration of hormone in the plas- 
ma of ALL. at the end of the infusion period was equal to 500 (250 to 1000) 
micrograms^ per 100 ml.; two hours after the beginning of the infusion it 
was 50 (25 to 100) micrograms^ per 100 ml. After the second hour, the 
amount of hormone in the plasma was indistinguishable from pre-infusion 
values. As shown in Table 2 the rate of disappearance of the hormone from 
the plasma of A'l.J. was similar to that of the first subject. The low^er titers 

^ This estimate of hormone content is based upon the sensitiwtj^ of the assay method. 
Quantities as small as 0.2 microgram of a highlj’' purified preparation of ACTH can 
be detected. Hence, when 2.0 ml. of plasma injected into the test animal give either a 
questionably significant or zero response, then 100 ml. of this plasma will contain an 
amount of hormone actmty less than that of 10 micrograms of the standard (La-1- A). 

■* These titers are expressed as a range which indicates the error of the estimate of the 
potency. For example, the sample of plasma taken from M.L. at the end of the infusion 
was estimated to contain 500 micrograms per 100 ml., with a probable error of —SO to 
-flOO per cent. 
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second large carbohydrate meal in the interval. Both subjects showed 
increased total urinary nitrogen excretion in the early period after ACTH 
administration, a fact consistent with the view that carbohydrate was 
being formed at the expense of tissue protein. These metabolic alterations 
are typical of the well-known gluconeogenic action of cortical steroids 
with an oxygen on C-11. The results confirm and extend the findings of 
Forsham et al. (2) who showed somewhat comparable changes following 
chronic administration of ACTH. Thus the metabolic evidence suggests 
that ACTH brings about an increased secretion of steroids with an oxygen 
on C-11 from the adrenal cortex. 

Serum and urinary inorganic phosphate changes were not sufficiently 
definite or consistent to warrant any conclusions based on them. 

Formed elements of the blood. In both subjects the total white blood cell 
count, which was initially normal, became elevated because of an increase 
in the number of circulating neutrophils (Table 4). In contrast, the number 
of circulating lymphocytes markedly decreased and within a period of two 
hours reached a minimal level which persisted through the fourth to sixth 
hours. By the ninth hour the lymphocyte count was either normal or above 
normal. In both subjects, the number of circulating eosinophils fell marked- 
ly and reached a minimum at five to seven hours after administration of 
hormone. By the twelfth hour the number of eosinophils was either normal 
or approaching normal and by the twenty-fourth hour had definitely 
returned to normal. 

In the case of M.L., despite the withdrawal of more than 500 ml. of 
blood, the volume of packed red blood cells remained unchanged over a 
period of twenty-four hours (Table 4). The volume of packed red blood 
cells of M.J. from whom 600 ml. of blood was withdrawn remained relative- 
ly constant during the first six hours of the experiment and then declined 
from 5^2 to 38 ml. per 100 ml. of blood at the end of twenty-four hours. 

In subject M.L., there was a suggestive increase in the erythrocyte 
sedimentation rate at the third hour. For this reason serial estimations of 
plasma fibrinogen (method of Cullen and Van Slyke (27)) were made on 
subject M.J. However, no change occurred in the erythrocyte sedimenta- 
tion rate or the fibrinogen concentration of the plasma of subject M.J. It 
is probable that the increased sedimentation rate in M.L. was related to 
the chill and fever which he experienced rather than to an effect of ACTH 
mediated by the adrenal cortex. 

Serum iron and copper were determined on samples of blood taken im- 
mediately before, and at six and seven hours following, the administration 
of ACTH. No significant alteration occurred in the serum concentrations 
of these elements. 

The changes in the cellular elements of the blood confirm the experi- 
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Tahli; •}. IIkmatolooic Chan'gks 


"I 'T 

Time in 
i Iiour.'j 
Sul)- followini: 
joct bcuinniiiK 
! of ACTH 
i infusion , 

i 

1 

Total 1 

) 

wliite 1 

1 

count. ! 
cells I 
per cn. 1 

imn. i 

i 

Noiitro- 
pliils. 
cells 
per cu. 

min. 

I 

Lymiilio- 

cytes, 

' cells 
per cu. 

inin. 

Fosino-| 

pliil.s, ; Platelets 
cells 1 i)cr 
per cu. 1 cu. nun. 

nun. i 

1 

1 

1 

! 

i Ilcinato- 

1 

crit, 

linl. packed 
r.b.c. per 

i 100 

ml. blood 

\ 

1 Erctliro- 
1 cyte 
sedimen- 
tation 
rate, cu. 
mm. per 
hr. 

0 

4,9.50 ; 

1 ,930 

2,. 520 

' 57 i - 

45 

2.5 

1 

3,2.50 ' 

1,720 

, 1 ,200 

8 — 

40 

8 

2 ! 

.5,950 

4 ,4.50 

475 

1 22 - 

i 40 

■ — 

.3 

9,SOO 

7,120 

784 

0 : — 

i 45 

: 20 

•I 

1 

11,0.50 

7,820 

884 

19 — 

1 40 

3 

M.L. : 5 

— 

— 

— 

3 — 

40 

, 6 

i I* 

9,3.50 

5,800 

' 2,710 

3 : — 

, 40 

' 3 

i 9 

9,9.50 

0,700 

2,490 

10 — 

! -IG 

’ — 

' 12 

— 

’ — 

— 

01 — 

46 

' 5 

1 24 ' 

4,. 500 

2,120 

1 ,710 

i 07 — 

' 45 

1 6 

i ® 

9,150 

5,120 

3,010 

200 ' 220,000 

52 

1 0 

1 2 

S,100 

, 4,800 

, I ,540 

108 ; 210,000 

48 

i 0 

1 3 i 

9,0.50 

0,.3S0 

1 ,540 

97 ' 140,000 

i 49 

1 2 

M..I. i 0 i 

11,4.50 

7,900 

1,490 

11 ! 125,000 

1 49 

j 2 


— 

1 

i — 

' 8 - 


1 — 

1 12 

j 1.3,0.50 

0,410 

5,740 

100 1 — 

) -il 

1 

i 24 

9,000 

3,780 

3,440 

1 l.SG ! 270,000 

1 38 

2 


liormone into the tissues. Because ACTH could conceivably be excreted 
in the urine in a conjugated inactive form and since the activity of certain 
preparations of ACTH can be enhanced by acid treatment, ^ the urine of 
subject AI.L. was acidified to pH 1,0; however, no increase in ACTH 
activitj' was found. In contrast to ACTH, gonadotropin, after a single 
injection in the human, is excreted in the urine in appreciable quantities 
for a number of days (26). The ACTH preparations emplo 3 "ed in the pres- 
ent studj' were isolated from hog pituitaries; one cannot be certain that 
the ACTH elaborated b}'’ the human pituitarj^ is subject to the same 
fate as the porcine hormone. 

Blood sugar, serum 'phosphate, and iirinary phosphate and nitrogen. No 
significant change occurred in the fasting blood glucose (Table 3). Follow- 
ing a meal of 80—100 Gm. of carbohj'^drate, both indiAdduals had gb'cosuria 
exceeding two per cent and abnormallj’’ high blood glucose levels. Glucose 
was no longer detectable in the 9—12 hour sample of urine of both subjects 
and blood suga r values returned to normal in spite of the ingestion of a 

= Unpublished data of T. W. B. and G. S. 
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Table 5. Effect of ACTH on Sebum Peptidases 

The substrates (0.05 m) were glycylglycine (gg) in the presence of 0.001 m Co++ 
g'b^cylglycylglj^cine (ggg), A-leucinamide (la) in the presence of 0.001 m Mn++ and 
glycyPL-proline (gp) in the presence of 0.001 m Mn++. The solutions were buffered with 
0.025 M veronal at pH 7.S. The total volume of each mixture was 2.5 ml., and hydrolysis 
was determined on 0.2 ml. samples by the titration of liberated carboxyl groups by the 
method of Grassmann and Heyde (13). The results are expressed as AxlO^, the first 
order velocity constant for 0.2 ml. serum per ml. of reaction mixture. Those values which 
appear to differ significantly from the control values are in bold-face. 


Subject 

Time in hours 
following 
beginning of 
ACTH infusion 

gg 

! 

ggg 

1 

1 

i 

1 la 

1 

gp 

1 

0 

2.2 

3.1 

' 0.3 

4.6 


3 

3.5 

3.9 

0.5 

3.4 

1 

1 

1 

6 

4.9 

4.2 

0.3 

4.3 

M.L. 

12 ■ 

1.9 

2.7 j 

0.4 

4.4 


24 

; 2.0 

3.3 j 

0.8 

3.5 


48 

i 2.0 

2.7 

0.7 

3.8 

j 

j 96 

2.6 

! 

2.9 ! 

0.4 

2.9 


-24 

4.5 

3.0 

0.5 

2.6 


0 

4.5 

3.7 

0.4 

3.4 

M.J. 

3 

4.5 

3.3 

0.5 

4.0 

1 

6 

4.8 

6.0 

0.5 

2.8 


24 

4.1 

4.1 

0.5 

3.0 


No antibodies to the H and 0 antigens could be demonstrated in his serum 
taken immediately prior to or at intervals during the twenty-four hours fol- 
lowing ACTH injection. The isoagglutinin titer of this subject (Group 0) 
to group A and B cells did not change throughout the course of the experi- 
ment. The control diphtheria antitoxin level of 0.6 unit in his serum, as 
measured by the rabbit skin test, did not change significantly during the 
ninety-six hours following ACTH administration. 

The failure of the gamma globulins and serum antibodies to rise in the 
normal human following administration of ACTH is in contrast to the ex- 
perimental results of White and Dougherty (29) in rabbits. However, our 
results confirm the negative findings of Forsham et al. (2) and of Herbert 
and deVries (30) in human subjects. The evidence available at present, 
from experiments in which -large doses of ACTH are given, appears to in- 
dicate that in the human the secretory activity of the adrenal cortex can 
plaj'’ no more than a minor role in the mobilization of antibodies from tissue 
stores. It is possible that only a meager quantity of antibodies is stored in 
the human, so that no significant increase in their serum level could be 
expected following administration of ACTH. 



Juht, in.',0 ACTIONS OF ACTII IN .MAN GOl 

mcnts of White and Douglierly in animals (28) and of Forsham el al. (2) 
in human subjects. The elevation of the number of circulating neutrophils 
is probably not a result of activation of the adrenal cortex, since this same 
effect can be obtained with .\CTH iu adrenalectomizcd animals (28) and 
in patients with Addison’s disease (2). Because ACTH does not produce 
a lymphocytopenia in adrenalectomizcd animals (28) or in patients with 
adrenal insufficiency (2), it is fairly certain that the lymphocytopenia is 
mediated by the adrenal cortex, in particular, by the action of cortical 
steroids which have gluconeogenic properties. Similar!}", the decrease in 
the number of circulating eosinophils which follows admini.stration of 
ACTH has been shown by Forsham and associates (2) to depend upon the 
presence of functioning adrenal cortical tissue. 

Scrum prolciiis. Samples of blood were taken from ALL. at 0, 3, 6, 12, 
24, 48 and 9G hours. The electrophoretic distribution of serum proteins 
was normal at all these times. The «;+«» globulins were found to be 
16±lper cent ; j3;+j3i, 11 +1 per cent; 7 *+ti, 14±2per cent; and albumin, 
59+3 per cent. Samples of serum were taken from M.J. at 0, 3, 6, 12 and 
24 hours. xVgain, distribution of the serum proteins was normal and re- 
mained unchanged throughout the entire series. Values obtained were as 
.follows: a:-bai, 11 ±1 per cent; 11+1 per cent; 72+71, 14+2 

per cent; and albumin, G4±l per cent. It should be noted that although 
the a-globulin concentration differed markedly in the two subjects, there 
was no significant change in either case following injection of ACTH. 

In patient AI.L., the “gamma globulin,” as estimated immunologically, 
ranged from 27 to 31 per cent of the total serum protein. The values for 
gamma globulin as estimated immunologically (12) are greatly in excess of 
the values obtained electrophoretically. The control value was 30 per cent 
and a maximum value of 31 per cent was attained at the third hour; there- 
after, the value ranged between 27 and 28 per cent of the total serum 
protein, up to and including the ninety-sixth hour. Such alterations as were 
noted in tliis protein fraction after administration of ACTH do not appear 
significant. 

Immune bodies. AI.L. had an elevated antistreptolysin 0 titer (200 units) 
during the control period. The titer did not change appreciably in the 
serial estimations performed during the seventy-two hours after ACTH 
administration. Although this subject tvnee received t}’phoid vaccine in 
the previous three years, he had no demonstrable antibodies to H and O 
antigens during the control period or subsequent to ACTH injection. 

M.J. also had an elevated antistreptolysin 0 titer (250 units) prior to 
injection of ACTH and showed no increase subsequently. This subject had 
received t}"phoid vaccine in the past three years and, in addition, received 
1.0 ml. of t}"phoid vaccine subcutaneously five days before the experiment. 
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pared to the rates before injection of ACTH and subsequent to six hours. 
With gp, a slight increase which does not appear significant was evident at 
three hours, but the rate at the sixth hour returned to the control value. 
The ability to hydrolyze ggg showed a marked increase at six hours. Again, 
the level of leucine aminopeptidase activity did not show any change. 

The above data confirm, at least in part, the observation by Holman and 
associates (31) that adrenal cortical stimulation causes a rise in the level of 
certain serum peptidases. In confirmation of their results with Igg, we found 
a small but apparently significant rise in tripeptide (ggg) hydrolysis. There 
was no detectable change in either of our subjects in leucine aminopep- 
tidase or prolidase activity. However, in the serum of M.L., a fairly 
marked change occurred in gg dipeptidase activity, but only a slight 
change was found in the serum of M. J. The small and variable changes ob- 
served in the serum peptidases do not appear to be very striking, especially 
in comparison with the marked decrease observed in the circulating 
lymphocytes and eosinophils. 

Serum uric acid and urinary uric acid, creatinine and creatine. The results 
are presented in Table 6. The most marked alteration in these constituents 
was the increased rate of excretion of uric acid. Values for uric acid in the 
urine are expressed as ratios of uric acid to creatinine. The peak effect ap- 
peared in the second hour. The result confirms the observations of Forsham 
and co-workers (2). The temporal association of lymphocytopenia and in- 
creased uric acid excretion suggests that lysis of lymphocytes may be the 
factor responsible for the increased output of uric acid in the urine. How- 
ever, further analysis of the data suggests that two processes are occurring 
simultaneously. The serum uric acid concentration did not fall during 
the period of increased urinary excretion; indeed, it rose somewhat. This 
suggests that both increased uric acid production and increased urinary 
excretion took place, an interpretation which gains support from the fact 
that a phase of uric acid retention occurred after most of the other meta- 
bolic changes had disappeared. 

Plasjna pH and CO 2 , and plasma and urinary sodium, potassium and 
chlor'ide. In subject M.L., there was a definite elevation in plasma pH at 
the second hour; the pH returned to normal by the sixth hour (Table 7). 
Unfortunately, no studies were made in this subject to determine the CO 2 
content of the plasma. The plasma of subject M.J. underwent no change 
from normal values for venous blood in pH, CO 2 content or pCOa up to the 
sixth hour of the experiment, at which time the observations were ter- 
minated. 

Cluxton and associates (32) have shown that in certain patients with 
Cushing’s syndrome there is an elevation of plasma pH and CO 2 content. 
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Scrum pcplidui^cs. Tlio activity of several scrum peptidases was meas- 
ured after ACTH injection in order to determine whether changes occurred 
in humans similar to tliosc reported in mice by Holman, Wliite, and 
Fruton (31). Tlic.'^e investigators measured the activity of leucine amino- 
peptidase (substrate; L-lcmdnamide), and of a tripeptidc-.^plitting enzyme 
(substrate: />-leucylglycylglycine) I)efore and after the administration of 
cortical extracts and of ACTH. Cortical extracts significantly increased the 
level of both enzymes; .\CTH increased only the tripeptidase level. 

The conditions of tlie measurements and the results are given in Table o. 
It is apparent that a definite increa.^^e in the hj'drolytic activity of the serum 
of M.L. occurred at tiiree and six hours, as measured witli glyc 3 'lglycine 
(gg) and glycylglyc^-lgh-cine (ggg) ; the level of activity returned to normal 
by the twelfth liour. Tlic rate of In'drolj'sis of glycjdproline (gp) and of 
leucinamide were not significanth' altered. 

Small but insignificant changes in the rates of hj’droh'.sis of gg and ggg 
bj- tlie sera of M.J. appear to Iiave taken place at six hours when com- 


T.mu.k G. .‘Vlterations i.n Serum Uric .-Vcid, Uri.ve Uric .-Vcid, 
Cre.vtine and Cre.\tinine 


Sub- ^ 
ject 

1 

I 

1 

1 

Urine j 

collection i 

periods* i 

1 

Serum j Urine j 
uric acid, ^ creatinine, 
mg./ 100 mg. c.x- 

ml. at ; creted 
beginning per 

of period ' minute 

Urine 
uric acid, 
mg. 

excreted 

per 

1 minute 

1 

Ratio 
uric acid I 

Per cent 
change 
in UA/C 

creatinine 


Control 1 

3.9 ; 

1.18 

i 0.43 

0.36 , 


; 

0- 1 1 


1.11 

0.5S 

0.53 1 

+47 


1- 2 ' 

3.7 1 

l.OS 

, 0.71 

0.66 j 

+83 


2- 3 

3.7 ! 

1.45 

: O.Sl 

0.56 ; 

+56 

i 

3- 4 

4.0 ' 

I.IS 

i 0.48 

0.41 1 

+ 14 

i 

4- 5 i 

4.0 

0.97 

i 0.32 

0.33 , 

- 8 

M.L. 

5— fi i 

4.0 

1 .25 

0.44 

0.35 

- 3 


6— 9 O.Oj 

5 .0 

1 .30 

; 0.70 

0.54 i 

+50 

1 

g_]2 (^leal 9.5)‘ 

4.0 ; 

1.43 

0.31 

0.22 : 

-39 

i 

1 

12-24 1 

3.7 j 

1.30 

I 0.32 

0.25 1 

-31 


Control 

5.9 

1.35 

; 0.43 

i 0.32 



0-3 

6.2 

1.35 

' 0.64 

1 0.47 

+47 

AI.J. 

' 3- 6 

6.6 

1.31 

1 0.55 

: 0.42 ; 

+31 


(Meal 6.0) 


1 

1 

' 



6-12 (Meal 9.5) 

1 6.3 

i O.S5t 

1 0.15 

o.is i 

-44 


12-24 

1 6.1 

1.36 

: 0.2S 

1 

0.20 * 

-37 


* The numbers in this column indicate hours following the beginning of ACTH infu- 
sion. 

t This collection appears to be incomplete. 
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larger dose of pressor substance according to animal assay. Since pressor 
and antidiuretic activities usually parallel one another, it is surprising that 
there was no inhibition of water diuresis in M.J. 

Both subjects were on a constant daily intake of sodium, potassium and 
chloride for a number of days before and after the administration of ACTH. 
M.L. ingested 196 mEq. of sodium and 102 mEq. of potassium per day. 
On the day of the experiment he received an additional 29 mEq. of sodium 
in the infusion fluid containing tlie ACTH. During tlie first six hours after 


Cl Na K 


PLASMA 



.11 024-6 <? IZ 

jDag's . J£oara 

tcontrolT 

Fig. 1. Electrolyte studies on M. L. 


ACTH administration 400 ml. of blood was withdrawn, which represents 
a loss of about 28 mEq. of sodium and 0.8 mEq. of potassium. An addi- 
tional 150 ml. of blood was withdrawn between the sixth and eighteenth 
hours. Plasma concentrations of chloride and sodium for M.L. (Fig. 1) 
remained constant during the twenty-four hours following ACTH ad- 
ministration ; plasma potassium was lowered at the sixth hour. During the 
first four hours after hormone administration there was an elevation in the 
rate of urinary excretion of chloride, sodium and potassium. From this 
time on there was a marked retention of sodium and chloride which per- 
sisted at least to the thirty-sixth hour. When account is taken of all 
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A similar elevation in pH took place in subject jM.L. However, no change 
in pH followed ACTH administration in subject IM-J. and the pH change 
in iM.L. was temporally associated with his chill and fever and disappeared 
before the other metabolic changes reached their peak. For these reasons, 
it seems likely that the alteration in pH was the result of hyperventilation 
accompanying the chill and fever and not a result of adrenal cortical stim- 
ulation by ACTH. 

Both subjects were studied for an antidiuretic effect following ACTH 
administration. None was found in M.J. However, injection of ACTH 


T.^blc 7. Ai.TEnATioK.s IN pH .\SD CO; OF Venous Plasma 



Time in hours 




Subject 

following 

pH 

Bicarbonate, 

pCO;, 

beginning of 
ACTH infusion 

niM. per liter 

mm. of mercury 




0 





2 chill 


- 


M.L. 

3 

7 .53 




C 

7.33 




9 

7.3S 




12 

7.33 




0 

7.31 

27.3 

56 


1 

7.36 

28. 0 

50 

M.J. 

2 

7.31 

27.9 

57 


3 

7.30 

27:5 

58 


6 

7.36 

25.9 

49 


(preparation 37-KE) inhibited a water diuresis in jN'I.L. This subject dra n k 
600 ml. of water between 7:30 a.m. and 8:10 a.m. and an additional 600 
ml. between 9:00 a.m. and 12 : 15 p.m. on the day of ACTH administration. 
Two hundred ml. of 0.85 per cent sodium chloride solution containing the 
ACTH was infused between 9:10 a.m. and 10:00 a.m. Although diuresis 
had started (200 ml. of urine excreted between 7 :30 a.m. and 9:00 a.m.), it 
was soon inhibited (360 ml., between 9:00 a.m. and 12:15 p.m.) and re- 
mained so until the tliird hour after injection of ACTH, when it reap- 
peared. Between the third and sixth hours, 760 ml. of urine was excreted; 
400 ml. of water was ingested during this same interval. The pressor ac- 
tmty of the two preparations of ACTH employed in these experiments is 
similar (Table 1), according to animal assaj’". However, since jM.J. received 
a greater quantity of total solids be was injected with a correspondingly 
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value. From the sixth to the twelfth hour the rate of urinary potassium 
excretion was reduced, but not in proportion to the marked reduction in 
urinary excretion of sodium- and chloride. 

The transient sodiumphoresis and chloruresis in M.L. were associated 
in time with the inhibition of water diuresis in this subject. All three effects 
Avere probably due to the action of posterior pituitary antidiuretic prin- 
ciple, which contaminated the particular ACTH preparation. The ob- 
served reduction in plasma potassium, elevation in rate of urinary excre- 
tion of potassium, and retention of sodium and chloride are all changes 
which may reasonably be assigned to the action of desoxycorticosterone- 
like steroids elaborated by the adrenal cortex. Tissue breakdown as 
measured by the increased nitrogen excretion does not account for any 
significant part of potassium excreted in excess of normal during the ex- 
perimental period. The alterations in potassium occurred at the peak of 
the other metabolic changes. However, the delay in the onset of sodium 
retention and its long persistence are not readily explained. Final conclu- 
sions regarding the effect of ACTH upon electrolyte balance must await . 
the results of studies employing preparations in which the posterior pitu- 
itary principle is either absent or so reduced in amount that it exerts neg- 
ligible physiologic actions. The preparation employed in M.J. did not 
inhibit water diuresis but it had pressor action by laboratory assay. The 
lack of parallelism between antidiuretic and pressor potency is unexpected. 

Forsham and associates (2) demonstrated that daily administration of 
ACTH in humans resulted in marked retention of sodium and chloride and 
an increased urinary excretion of potassium, effects which may be at- 
tributed to the secretion of desoxycorticosterone-like steroids from the 
adrenal. However, in the first four hours after ACTH administration 
Forsham et al. noted an increase in the rate of urinary excretion of sodium 
and chloride as well as potassium. This same pattern of action Avas ob- 
seiwed by us in M.L., given a preparation Avith antidiuretic potency, but 
was not seen in M.J., given one Avhich did not inhibit diuresis. Forsham 
and co-workers consider the possibility that “the increased sodium, 
chloride, and potassium-creatinine ratios which occurred in the first four 
hours following ACTH administration reflect a predominant secretion of 
11-17-oxysteroids as opposed to desoxycorticosterone-like factors under 
AA’hich circumstances an increase in potassium excretion Avould be accom- 
panied by sodium and chloride retention”. 

Steroids. During the 24-hour period folloAving ACTH administration, 
M.L. had an elevated urinary excretion of both the neutral-lipid reducing 
substances of Heard, Sobel and Venning (25) and the 17-ketosteroids 
(Table 8). In M.J., a more detailed temporal analysis AA^as made. The 
most marked elevation in the excretion of both types of urinary steroids 
occurred during the first six hours after ACTH administration (Table 8). 
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scniiTcs of .‘••odium pnin and los.-^, (here was an over-all retention of about 
1(10 mlC(j. of .‘-•odium duriiifi the twenty-four hours following ACTH in- 
jection. as com]iared with (lie control i)eriod.s. On the other hand, the rate 
of urinary excretion of ])otassium was elevated for (he finst .six hours, re- 
turned to control levels by the seventh hour and remained there through 
the seventy-second hour, when ob.'^ervations were terminated. 

M..I. ingested 127 mlhi. of sodittm and 97 mEq. of pota.ssium per day 
and on the day of the exiieriment received an additional 29 mEq. of sodium 



in the infusion fluid containing the ACTH. About 29 mEq. of sodium and 
one mEq. of potassium were lost by removal of blood during the first six 
hours of the experiment. An additional IS mEq. of sodium was tvithdrawn 
during the sixth to eighteenth hours. Plasma concentrations of sodium and 
chloride showed no significant change during the twenty-four hours after 
ACTH administration (Fig. 2). However, the plasma potassium level was 
depressed between the sixth and twelfth hours. The rate of urinarj’- excre- 
tion of sodium and chloride was moderately depressed during the first six 
hours and markedly decreased during the next eighteen hours. There was 
an over-all retention of about 200 mEq. of sodium during the twenty-four 
hours following ACTH administration as compared •with the control 
period. On the other hand, the rate of urinary excretion of potassium 
during the first six hours was slightly elevated above the pre-injection 
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closely related chemically to the cortical steroids than are the 17-ketos- 
teroids. Although there is no direct evidence to support it, the belief is 
generally held that the adrenal cortex itself elaborates ketosteroids having 
anabolic and androgenic actions (34). However, it is possible that cortical 
steroids undergo degradation to 17-ketosteroids in the liver or other tis- 
sues. The lag in 17-ketosteroid excretion observed in our experiments could 
be explained by the latter possibility. 

DISCUSSION 

The doses of porcine ACTH used in these experiments are greater than 
those required to produce maximal stimulation of the adrenal cortex. 
Fifty mg. injected into M.J. produced as great a response as 100 mg. in 
M.L. as measured by the various metabolic alterations described above. 
Forsham et al. (2) considered 25 mg. given intramuscularly as providing 
a near-maximum response. The large quantities were employed in order 
to obtain ACTH levels in body fluids which could be readily detected by 
the assay method utilized and which might be expected to result in ap- 
preciable urinary excretion of the tropin. Despite the fact that high plasma 
titers of porcine ACTH were attained in human subjects, the hormone 
was not found in the urine in appreciable quantities. However, this does 
not necessarily mean that the ACTH elaborated by the human pituitary 
is not excreted in the urine. 

The manifold changes that followed the intravenous infusion of ACTH 
were of short duration. The concentration of tropin in the plasma fell to 
control levels in less than three hours; the urinary excretion of steroids 
indicates that the secretory activity of the adrenal cortex had returned to 
normal within six hours; the metabolic changes in most instances reached 
their peak before the sixth hour; and practically all the constituents of the 
body fluids returned to control levels by the twelfth hour. It is therefore 
evident that a single injection of ACTH acts promptly upon the adrenal 
cortex and that the effects of this action persist for only a few hours. 

The results of these experiments with ACTH in human subjects lend 
considerable support to a Unitarian concept of pituitary tropic action on 
the adrenal cortex. ACTH produces changes in carbohydrate and protein 
metabolism which are to be expected of a substance which stimulates the 
adrenal cortex to secrete those steroids with an oxygen on C-11 and/or 
C-17. Furthermore, ACTH alters electrolyte metabolism in a manner 
which suggests that, under its influence, compounds similar to desoxy- 
corticosterone in metabolic activity are being secreted from the adrenal 
cortex. Both 17-ketosteroids and steroids with a ketol side-chain are ex- 
creted in increased quantities following the administration of ACTH. 
These data indicate that pituitary tropins other than ACTH are not re- 
quired to explain the manifold actions of the adrenal cortex, as has been 
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TIicsc results confirm the observations of IMason cl al. (3) and Forsham 
cl ttl. (2) and extend the study of urinaiy excretion of steroids to an ex- 
amination of the effect of a single inject ion of ACTH. Tlie results obtained 
in subject ^L.l. indicate not only that the adrenocorticotropic hormone has 
a prompt .stinmlatory effect on tlie secretory activity of the adrenal cortex 
but also that tlie enhanced secretory activity of this gland soon ceases 


Tahi.i; Stiuioids in tiii; Body Fi.uids 


1 

Subject 1 

1 

1 

Urine 

collection 

))crio(ls* 

Urinary neutral 
lipid reducing 
steroids, 
mg.t per hour 

Urinary 
17-keto.steroids, 
mg.+ jier hour 

1 

Control day 1 j 

Control day 2 


0.43 

0.51 

M.L. 

0-24 

0.2S 

0.72 


Control daj' 3 

0.11 

0.43 

1 

Control day 4 

1 0.11 

1 0.39 

1 

Control day 1 

0.12 

0.S5 

i 

Control daj- 2 

0.17 

O.Sl 

i 

Control day 3 

0.10 

0.62 


Control day 4 

0.12 

0.62 

M..I. 

0-3 

0.50 

1 .49 


3-6 

0.44 

1.76 


6-12$ 

0.19 

0.58 


12-24 

Control day 5 

0.16 

! 0.59 

j 0.5S 


* The numbers in tins column inclic.ite hours following the beginning of ACTH infu- 
sion. 

t In terms of desoxj'corticosterone acetate. 

i In terms of androsterone. 

§ Collection may have been incomplete. On basis of creatinine output, estimated to 
be 35 per cent low. 

when the circulating level of ACTH again becomes normal. These findings 
are in agreement with the results of experimental work in animals which 
has demonstrated that a single dose of ACTH causes a very prompt de- 
pletion of adrenal cholesterol and ascorbic acid and that these constituents 
are restored to normal within a few hours (33). 

The rapid drop in the rate of excretion of steroids after the maximal ex- 
cretory level is reached suggests that these substances, when acutel 3 ’' 
mobilized, have but a brief sojourn in the body. The peak rate of excretion 
of urinary 17-ketosteroids appears to occiu: later than that of the neutral- 
lipid reducing steroids. The neutral-lipid reducing substances are more 
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closely related chemically to the cortical steroids than are the 17-ketos- 
teroids. Although there is no direct evidence to support it, the belief is 
generally held that the adrenal cortex itself elaborates ketosteroids having 
anabolic and androgenic actions (34). However, it is possible that cortical 
steroids undergo degradation to 17-ketosteroids in the liver or other tis- 
sues. The lag in 17-ketosteroid excretion observed in our experiments could 
be explained by the latter possibility. 

DISCUSSION 

The doses of porcine ACTH used in these experiments are greater than 
those required to produce maximal stimulation of the adrenal cortex. 
Fifty mg. injected into M.J. produced as great a response as 100 mg. in 
M.L. as measured by the various metabolic alterations described above. 
Forsham et al. (2) considered 25 mg. given intramuscularly as providing 
a near-maximum response. The large quantities were employed in order 
to obtain ACTH levels in body fluids which could be readily detected by 
the assay method utilized and which might be expected to result in ap- 
preciable urinary excretion of the tropin. Despite the fact that high plasma 
titers of porcine ACTH were attained in human subjects, the hormone 
was not found in the urine in appreciable quantities. However, this does 
not necessarily mean that the ACTH elaborated by the human pituitary 
is not excreted in the urine. 

The manifold changes that followed the intravenous infusion of ACTH 
were of short duration. The concentration of tropin in the plasma fell to 
control levels in less than three hours; the urinary excretion of steroids 
indicates that the secretory activity of the adrenal cortex had returned to 
normal within six hours; the metabolic changes in most instances reached 
their peak before the sixth hour; and practically all the constituents of the 
body fluids returned to control levels by the twelfth hour. It is therefore 
evident that a single injection of ACTH acts promptly upon the adrenal 
cortex and that the effects of this action persist for only a few hours. 

The results of these experiments with ACTH in human subjects lend 
considerable support to a Unitarian concept of pituitary tropic action on 
the adrenal cortex. ACTH produces changes in carbohydrate and protein 
metabolism which are to be expected of a substance which stimulates the 
adrenal cortex to secrete those steroids with an oxygen on C-11 and/or 
C-17. Furthermore, ACTH alters electrolyte metabolism in a manner 
which suggests that, under its influence, compounds similar to desoxy- 
corticosterone in metabolic activity are being secreted from the adrenal 
cortex. Both 17-ketosteroids and steroids with a ketol side-chain are ex- 
creted in increased quantities following the administration of ACTH. 
These data indicate that pituitary tropins other than ACTH are not re- 
quired to explain the manifold actions of the adrenal cortex, as has been 
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suggested by Sclye (35) and Albright (34). Tliesc investigators have sug- 
gested that the elevated androgen titers which appear to be present in 
body fluids when the adrenal cortex is stimulated to hyperactivity are 
due to tlie adrenal cortical secretion of androgen in response to a pituitary 
tropin other than ACTH. However, it is just as reasonable to suppose that 
the androgenic steroids result from the incomplete metabolism of cortieal 
steroids which arc secreted in abnormally high concentrations in response 
to excessive stimulation by ACTH itself. 

It is important to know whether tissues otlicr than the adrenal cortex 
rc.spond directly to ACTH. If this is true, then certain of the metabolic 
changes described in this paper were not necessarily mediated via the 
adrenals. An almost complete answer to this question has been supplied 
by the experiments of Forsham ct al. (2) who have demonstrated that a 
patient with Addison’s disease treated with ACTH for four days failed to 
show the carbohydrate, electrol 3 'te, hematologic and urinar}" steroid al- 
terations which occurred when individuals with functional adrenal cortical 
tissue were similarlj- treated. It remains to be proven whether the serum 
peptidase changes herein reported are likewise dependent upon functional 
adrenal cortical tissue. 

In ^^ew of the fact that large doses of ACTH were emplo^^ed, the ques- 
tion maj' legitimatelj’’ be asked whether the metabolic and other changes 
described in this report have anj"- relevance for normal pituitarj^-adrenal 
function. It is possible that comparablj' high titers of ACTH never exist 
in human body fluids even under conditions of severe stress, when maximal 
discharge of ACTH can be anticipated. Although we are not prepared to 
denj' that such large doses of ACTH maj”^ stimulate the adrenal cortex in 
a manner which is not phj'siologic, we believe the possibility is remote. 
Nevertheless, this point deserves further stud}'. The following considera- 
tions suggest that the ACTH doses emploj'ed, even though maximal, are 
not inordinatel}' excessive. The normal adult pituitarj' contains an amount 
of ACTH equivalent in activity to that of 20 mg. of the standard prepara- 
tion emplo 3 ’'ed b}' us (unpublished observations). The results of experi- 
ments in the rat indicate that a severe acute stress causes the release of 
approximate!}' 50 per cent of the ACTH stored in the rat pituitar}'. If the 
same conditions obtain in man, then it is possible for 10 mg. (in terms of 
the standard) of ACTH to be released into the blood stream of a human 
subject within a very short period of time. The doses used in our experi- 
ments were onl}' five- to tenfold greater than this amount and were infused 
over a period of one hour. 

BTJMMARy 

1. Large single doses of pituitar}' ACTH were administered to 2 healthy 
young adults by slow intravenous infusion. 
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2. No change in blood pressure occurred in either subject. The only 
untoward reaction was a mild chill and fever experienced by one of the 
subjects. 

3. The tropin disappeared rapidly from the plasma, reaching control 
levels two hours after the infusion was terminated. Negligible quantities 
of ACTH appeared in the urine. 

4. Fasting blood sugar was not influenced by ACTH. However, glyco- 
suria and a diabetic type of blood sugar response followed the ingestion of 
a meal six hours after the start of the infusion. 

5. Urinary nitrogen and uric acid were elevated. 

6. A marked decrease in the number of circulating lymphocytes and 
eosinophils occurred concomitantly with an increase in the number of cir- 
culating neutrophils. 

7. The electrophoretic distribution of serum proteins was unchanged. 

8. The titers of antistreptolysin 0, isoagglutinins, typhoid H and 0 
and diphtheria antibodies were uninfluenced. 

9. Certain serum peptidases underwent small but inconsistent increases. 

10. There was an elevation in the pH of the blood of one subject which 
appeared to be related to the chill and fever. There was no change in either 
the pH or CO 2 of the plasma of the other subject. 

11. Plasma sodium and chloride concentrations remained unchanged, 
but plasma potassium declined significantly in both subjects at a time 
when the other metabolic effects were maximal. 

12. There was an early increase in the urinary excretion of potassium 
followed by return to a normal or slightly subnormal potassium excre- 
tion from the sixth to the twenty-fourth hour. One subject showed a slight 
retention of sodium and chloride during the first six hours while the other 
subject, in whom an inhibition of a water diuresis occurred, showed sodi- 
umphoresis and chloruresis during this same period. There was a marked 
retention of sodium and chloride in both subjects from the sixth to the 
twenty-fourth hour. 

13. The quantity of 17-ketosteroids and of neutral-lipid reducing sub- 
stances in the urine was markedly elevated. The peak rate of excretion of 
these substances occurred at about three hours after ACTH administration 
and their level in the urine returned to normal by the twelfth hour. 

14. The sequence of metabolic and other events was such that the 
secretory activity of the adrenal cortex appeared to reach a maximum by 
the third hour after ACTH administration and to return to pretreatment 
activity by the sixth hour. Most of the alterations in metabolic constitu- 
ents reached a maximal deviation from pretreatment levels at the sixth 
hour; the values returned to normal by the twelfth hour. 

15. The significance of the observed results for pituitaiy-adrenal func- 
tion is discussed. 
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suggoslecl by Sclye (35) and Albright (34). These investigators have sug- 
gested that the elevated androgen titers which appear to be present in 
body fluids when the adrenal cortex is stimulated to hyperactivity are 
due to the adrenal cortical secretion of androgen in response to a pituitary 
tropin other than ACTH. However, it is just as reasonable to suppose that 
the androgenic steroids resulti from the incomplete metabolism of cortical 
steroids which are secreted in abnormally high concentrations in response 
to excessive stimulation by ACTH itself. 

It is important to know whether tissues other than the adrenal cortex 
respond directly to ACTH. If this is true, then certain of the metabolic 
changes described in this paper were not necessarily mediated via the 
adrenals. An almost complete answer to this question has been supplied 
by the experiments of Forsham ct al. (2) who have demonstrated that a 
patient with Addison’s disease treated with .ACTH for four days failed to 
show the carbohydrate, electrolyte, hematologic and urinar}' steroid al- 
terations which occiured when individuals with functional adrenal cortical 
tissue were similarly treated. It remains to be proven whether the serum 
peptidase changes herein reported are likewise dependent upon functional 
adrenal cortical tissue. 

In view of the fact that large doses of ACTH were employed, the ques- 
tion may legitimately be asked whether the metabolic and other changes 
described in this report Iiave any relevance for normal pituitary-adrenal 
function. It is possible that comparably high titers of .ACTH never exist 
in human body fluids even under conditions of severe stress, when maximal 
discharge of ACTH can be anticipated. Although we are not prepared to 
deny that such large doses of ACTH may stimulate the adrenal cortex in 
a manner which is not physiologic, we believe the possibility is remote. 
Nevertheless, this point deserves further study. The following considera- 
tions suggest that the ACTH doses employed, even though maximal, are 
not inordinately excessive. The normal adult pituitary contains an amount 
of ACTH equivalent in acthdty to that of 20 mg. of the standard prepara- 
tion emploj’^ed bj”- us (unpublished observations). The results of experi- 
ments in the rat indicate that a severe acute stress causes the release of 
approximatelj’- 50 per cent of the ACTH stored in the rat pituitary. If the 
same conditions obtain in man, then it is possible for 10 mg. (in terms of 
the standard) of ACTH to be released into the blood stream of a human 
subject within a very short period of time. The doses used in our experi- 
ments were only five- to tenfold greater than this amount and were infused 
over a period of one hour. 

SUMMABY 

1. Large single doses of pituitary ACTH were administered to 2 health 3 ’' 
jmung adults bj’’ slow intravenous infusion. 
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determinations. Creatinine was determined by the method of Bonsnes 
and Taussky (4), adapted to the Coleman jr. spectrophotometer. In no 
instance was there evidence of a significant error in the collection of urine. 
Serum representative of each twenty-four hour urine specimen was pre- 
pared by pooling serums obtained at the beginning and at the end of each 
collection period. 

3. Bioassay' of chorionic gonadotropin. The method of Albert (5) was 
used. 

4, Calculations. Renal clearance was calculated by the conventional 
formula UV/B, where U is the concentration of the hormone in the urine, 
B is its concentration in the serum and V is the volume of urine excreted 
per minute. The serum-to-urine ratio was calculated by dividing urine con- 
centration into serum concentration. Creatinine coefficients were calcu- 
lated by dividing the milligrams of creatinine excreted in each twenty-four 
hour period by the weight of the subject in kilograms. 


Table 1, Concentration of Chorionic Gonadotropin in Urine and 
Serum, and Related Values 


Subject 

number 

and 

diagnosis 

Days past 
last 

menstrual 

period 

. 

Urine 

concen- 
tration, 
I.U. per 
ml. 

Gonadotropin 
in urine, 
I.U. per 

24 hours 

Serum 

concen- 
tration, 
I.U. per 
ml. 

Ratio of 
serum to 
urine 

concen- 

trations 

Clearance 
(UV/B), 
mi. per 
minute 

Creatinine 
e^•cretion, 
Gm. per 
24 hours 

Creatinine 

coeffi- 

cient 

Subject 1 

95 

23.8 

28,500 

24.2 

1.02 

0.79 

1.12 

21.1 

Normal 

105 

17.8 

30,300 

58.7 

3.30 

0.36 

1.02 

19.2 

pregnancy 

114 

10.4 

12,700 

36.8 

3.54 

0.24 


20.1 


127 

8.1 

11,700 

29.5 

3.66 

0.27 

0.99 

18.7 


165 

4.9 

6,400 

16.9 

3.45 

0.26 

0.96 

16.0 


213 

12.1 

15, 100 

21.1 

1.74 

0.50 


16.9 


261 

7.2 

8,500 

17.3 

2.40 

0.34 

1.12 

17.5 

Subject 2 

80 

118.5 

205,000 

344.0 

2.90 

0.43 

1.43 

21.4 

Normal 

89 

40.3 

66,100 

90.6 

2.25 

0.51 

1.52 

22.7 

pregnancy 

101 

25.5 

47,900 

105.3 

4.13 

0.32 

1.73 

25.9 


131 

34.4 

47,100 

86.6 

2.52 

0.38 

1.66 

23.7 


163 

10.3 

15,200 

20.8 

2.01 

0.51 

1.34 

18.7 

Subject 3 

111 

7.6 

17,500 

21.7 

2.86 

0.56 

1.26 

20.1 

Normal 

118 

4.1 

6,500 

16.1 

3.93 

0.34 

1.44 

22.5 

pregnancy 

139 

12.7 

19,000 

44.8 

3.53 

0.30 

1.27 

19.8 


204 

10.8 

15,500 

35.4 

3.28 

0.33 

1.32 

19.5 


259 

10.5 


32.2 

3.07 

0.26 

1.18 

17.4 

Subject 4 

70 

105.0 

172,000 

401.0 

3.82 


mm 

21.4 

Normal 

83 

95.0 

147,300 

261.0 

2.75 



21.3 

pregnancy 

118 

12.3 

25,800 

61.4 

5.00 

m 

■■ 

18.9 

Subject 5 

— 

10.0 

10,000 

— 

— 

— 

2.27 

29.8 

Testicular 

tumor 


9.6 

9,400 

28.0 

2.92 

0.23 

2.62 

34.5 

Subject 6 

— 

11.6 


— 

— 

— 

0.94 

18.8 

Hydatidi- 

— 

18.3 


17.2 

0.94 

0.22 

0.92 

18.5 

form mole 

— 

7.0 

7,100 

11.8 

1.69 


1.04 

20.8 












































THE llEKAL CL15ARANCE OF CHORIONIC GON- 
ADOTROPIC HORMONE IN PREGNANCA^ IN 
NEOPLASM OF THE TESTIS AND IN 
HYDATIDIFORAI MOLE'-^ 

CLIFFORD F. GASTINEAU, A. ALBERT, Ph.D., M.D. 

AND LAWRENCE ]M. RANDALL, AI.D. 

From the Etulocriiwlogy Lahoralonj, Section on Clinical Physiology, and the Section on 
Ohsfctrics and Gynecology, Mayo Clinic, Rochester, Minnesota 

AS IS well known, chorionic gonadotropin appears in the urine of preg- 
jLX nant women twenty-five to forty-five days after the first day of the 
last menstrual period. The rate of excretion reaches a peak at fiftj" to sixty 
days after the last menstrual period and then falls to a rather constant 
level, which is maintained until the hormone disappears from the urine sev- 
eral days after delivery. These rather remarkable variations in the excretion 
of chorionic gonadotropin were first clearly described bj" Browne and Ven- 
ning (1) in 1936, and similar changes in the serum concentration of this 
hormone were reported b}' Boycott and Rowlands (2) in 1938. These authors 
and others have speculated whether such variations are the result of change 
in the rate of formation, in the rate of destruction or in the rate of excretion 
of the hormone. The observations that we wish to report in the present 
paper were obtained in order to define more precisely the role of the kid- 
neys in the excretion of chorionic gonadotropin by determining the renal 
clearance of this hormone in various clinical states. 

^METHODS 

1. Subjects. The patients studied consisted of 4 normal pregnant women, 
a man with testicular chorioma and a rvoman with hydatidiform mole, in 
none of whom was there clinical or laboratory’’ e\'idence of renal disease at 
any time. The patients are briefly described in the appendix.*^ 

2. Collection of Specimens. The accuracy of the twenty-four hour col- 
lection of urine required for each clearance was confirmed by creatinine 

Received for publication December 7, 194S. 

* Presented at the thirtieth annual meeting of the Association for the Study of 
Internal Secretions, June 19, 1948, Chicago, Illinois. 

Abridgement of thesis submitted by Dr. Gastineau to the Faculty of the Graduate 
School of the University of Minnesota in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy in yiedicine. 

t Fellow in Medicine, Maj'o Foundation, 

* One pregnant subject, included in our abstract (3), has been excluded from the 
present report because signs of toxemia subsequently developed. 
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serum concentration was 28 i.u. per milliliter and the urine concentration 
was 9.6 I.u. per milliliter. Thus the concentration of the hormone in the 
tumor was some eight times as great as in the serum. 

3. HydatidiJ orm mole. The subject was excreting moderate amounts of 
chorionic gonadotropin derived from the degenerating remnant of a hyda- 
tidiform mole which was imbedded in the wall of her uterus. Clearances 
(Table 1) were 0.22 and 0.42 ml. per minute preoperatively and on the first 
day after hysterectomy the clearance was 0.32 ml. per minute. The hor- 


Table 3. Renal Clearances of Chorionic Gonadotropin in Normal Pregnancy 



Obser- 

vations 

1 

! 

Clearances, milliliters 
per minute 

Serum 

. ratios 

Urine 



Mean 

S.D.* 

Range 

Mean 

S.D.* 

Range 

First 
trimester, 
0-92 daysf 

4 

0.41 +0.04t 

0.09 

0.30-0.51 

2.93 +0.33t 

0.65 

2.25-3.82 

Second 
trimester, 
93-185 days 

12 

1 

0.38±0.05 

1 

1 

0.16 

0.24-0.79 

3.24 +0.32 

1.10 

1.02-5.00 

Third ' 

trimester, 
186-280 days 

4 

0.36+0.05 

0.10 

0.26-0.50 

2.62±0.35 

0.70 

t 1.74-3.28 

1 

Entire 
pregnancy, 
0-280 days 

20 

0.38+0.03 

0.13 

0.24-0.79 

3.06+0.19 

0.84 

1.02-5.00 


* Standard deviation. 

t Days after the first day of the last menstrual period, 
t Standard error of the mean. 


mone quickly disappeared from the urine, and by the second day after 
operation gonadotropic activity could no longer be measured. 

COMMENT 

The two devices of renal clearance and ratios of serum-to-urine concen- 
tration were' selected as the best means for portraying the activity of the 
kidneys in excreting chorionic gonadotropin. The concept of renal clear- 
ance is a familiar one and has been used in the study of the excretion of a 
large number of substances. Although no one to our knowledge has pre- 
viously used renal clearances as a means of studying the excretion of hor- 
mones, data are available from which such calculations can be made. From 
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llESULTS 

1. Normal prc(i)ianci/. Table 1 illuptralcs tlic values obtained in the 4 
normal subjects for each of twenty determinations. In agreement with the 
work of Browne and Venning and of Boycott and Rowlands, high levels of 
the hormone in urine and scrum were observed in the first trimester and 
relatively small amounts were present in the latter two-thirds of pregnanej*. 
This table shows further that creatinine was excreted at a rate rather con- 
stant for each subject and that in no instance was there evidence of sig- 
nificant error in the collection of urine. The creatinine coefficient on the 
other hand tended to diminish with advancing pregnancy as body weight 
increased. 

Table 2 .shows the average clearance obtained for each .subject. The clear- 
ances did not vary significantly among the 4 subjects. The average 
ratio of serum concentration to imne concentration of the hormone for 
each subject also exhibited relativeh’ little variation between subjects. 

T.\blf. 2. Rkn.\l Clf..\raxci;s of Chorioxic Gonadotropin' in Normal Pregnancy 


1 I Clearance.'!, milliliter.': ' Serum 

I ' . . ! ratios 

Sub- Obser- Per minute Urine 

ject ’ rations [ 


1 

1 


Me.TR 

S.D.* 

Range 

Mean 

S.D.* ! 

1 

Range 

1 ! 

7 

0.39±0.07t 

0.20 

0.24-0.79 

2.73±0.39t 

1.32 i 

1.02-3.66 

2 I 

o 

0.4.3+0.04 

O.OS 

0.32-0.51 

2.76±0.37 

0.S4 : 

2.01-4.13 

3 1 

0 

0.3G±0.05 

0.12 

0.2&-0.56 

3.33 ±0.19 

0.42 j 

2.S6-3.93 

4 ■ 

3 

0.33+0.03 

0.05 

0.29-0.39 

3.S6+0.G5 

1.13 ! 

1 

2 .75-5 .00 


* Standard deviation, 
t Standard error of the mean. 


Table 3 gives the mean clearances and ratios for all 4 normal subjects ac- 
cording to trimester. The average clearance for the first trimester was 
0.41, for the second, 0.38, and for the third, 0.36 ml. per minute. The 
minimal clearance observed was 0.24, the maximum was 0.79, and the 
average for all twenty determinations in normal pregnanc 5 ' was 0.38 ml. 
per minute. The concentration of chorionic gonadotropin in the serum was 
found to average 3.06 times its concentration in the urine. 

2. Testicular tumor. A single clearance was determined on a man n-ith 
a mixed adenocarcinoma and chorioma, grade 4 (Broders’ method). The 
clearance was 0.23 ml. per minute, and the serum-to-urine ratio was 2.92, 
values consistent with those observed in normal pregnancy. A saline ex- 
tract of the tumor assa 3 :^ed 220 i.u. per gram of tissue (wet), wMle the 
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APPENDIX 

Synopsis of Cases 

Case 1. The patient was a white primipara, primigravida, aged 21 years, who had no 
history of renal disease. Blood pressure and results of urinalysis remained within normal 
limits throughout the course of her pregnancy, which was terminated by spontaneous 
delivery of a normal healthy infant. 

Case 2. The patient was a white para II, gravida III, aged 20 3'-ears, who had pyuria 
after a spontaneous miscarriage two 3’'ears before the present study. She had had a normal 
pregnancy terminated one 3'’ear previously by spontaneous deliver3’' of a health3" infant. 
During the pregnancy studied there was no evidence of renal disease or of hypertension. 

Case 3. The patient was a white para II, gravida II, aged 27 3’'ears, who had had an 
uneventful pregnancy two 3mars before the present stud3^ Blood pressure and results of 
urinal3'^sis remained within normal limits throughout the course of the present preg- 
nancy, which has resulted in a health3^ infant. 

Case 4- The patient was a white primipara, primigravida, aged 24 years, who had had 
no renal disease. No abnormality of the present pregnancy has been observed to the 
time of this writing (August, 1948). 

Case 5. The patient was a white man, aged 27 3mars, who had noted a nontender firm 
enlargement of his right testicle in December, 1947. He was seen six weeks later when the 
mass was estimated to be 6.5 by 5 by 5 cm. A small disk of breast tissue was palpable 
beneath each nipple. Orchectom3'- was done February 10, 1948, and a spherical nodule 3 
cm. in diameter was found in this testicle. The histologic diagnosis was “mixed grade 4 
adenocarcinoma and chorionepithelioma.” Laborator3’’ data of significance are as fol- 
lows: 17-ketosteroids, 13.1 mg. per 24 hours; cortin-like substances, 0.76 mg. per 24 hours; 
estrogens, 48 rat units per 24 hours before orchectom3’’ and 21 rat units per 24 hours after 
removal of the tumor. 

Case 6. The patient was a para II, gravida IV, aged 36 years, who had e.xpelled a 
hydatidiform mole three months before coming to the Mayo Clinic. Dilatation and 
curettage had been done twice, but the Friedman reaction remained positive. Total ab- 
dominal hysterectomy was done, and a small nodule of degenerating placental tissue was 
found embedded in the wall of the uterine fundus. 
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tlic work of Smith and Smith (6, 7) an average clearance of O.So ml. per 
minute is obtained from a total of thirty-nine of their determinations on 
normal pregnant subjects with a rather wide range of variation. The data 
of Taylor and Scadron (8) permit similar computations. The average 
clearance for twenty-three determinations on 17 normal subjects was 0.44 
ml. per minute. In the present investigation, a mean clearance of 0.38 ml. 
per minute was obtained for normal pregnant women, a value agreeing 
very well with those derived from the data of Taylor and Scadron. 

The ratio of the concentration of certain substances in the serum to 
their concentration in the urine has been shown to be a highly significant 
quantity by the studies of von Rhorer (9), Addis (10) and Newburgh (11). 
Although it is very doubtful that such a ratio for chorionic gonadotropin 
has the significance that it would have for urea or sodium, the concept is 
a useful one and therefore is u.sed in the presentation of this material. 
Although the data of Smith and Smith and of Taylor and Scadron are not 
adequate to permit the calculation of relative concentrations of chorionic 
gonadotropin in the urine and in the serum, the assumption of a urinary 
excretion rate of 1 to 2 ml. per minute would mean that the serum concen- 
tration was found to be from 0.86 to 4.54 times that of the urine. In the 
present study the serum concentration was found to be from 1.02 to 5.00 
times as great as the urine concentration, with an average ratio of 3.06. 

It is interesting that the clearances and ratios obtained in the instances 
of the man who had the testicular tumor and of the woman who had the 
hydatidiform mole were essentiallj' the same as for the normal pregnant 
woman. This would suggest that the kidneys in nonpregnant women or in 
men excrete chorionic gonadotropin in the same manner as do the kidneys 
in pregnancy. 

Since the clearance of chorionic gonadotropin was much the same in all 
cases, it appears that variations in serum and urine concentrations must 
depend on changes in the rate of formation or in the rate of destruction of 
the hormone. Studies are in progress to evaluate the relative importance 
of these factors. 


SUMMAUT 

■ The renal clearance of chorionic gonadotropin has been determined dur- 
ing pregnancy, in hydatidiform mole, and in testicular chorioma. The 
mean clearance in pregnancy was 0.38 ml. per minute, and closely similar 
values were observed in hydatidiform mole and in testicular chorioma. 
The constancy of values obtained in the three trimesters of pregnancy’’ 
indicates that the remarkable fluctuation of chorionic gonadotropin in 
pregnancy is due to changes in rates of destruction or of formation and 
not to differences in renal excretion. 



COARCTATION OF THE AORTA ASSOCIATED WITH 
ABNORMAL DIGITS, OVARIAN INSUFFICIENCY 
AND SHORTNESS OF STATURE* 

MELVIN L. GOLDMAN, M.D.,t HENRY A. SCHROEDER, 
M.D. AND PALMER H. FUTCHER, M.D. 

From the Department of Internal Medicine and the Oscar Johnson Institute, W ashington 
University School of Medicine, and Barnes Hospital, St. Louis, Missouri 

I N describing a syndrome ciiaracterized primary ovarian insuf- 
ficiency and decreased stature, Albright, Smith and Fraser (1) noted 
the presence of coarctation of the aorta in 1 patient of 11. In 5 others the 
diastolic blood pressure was 90 mm. of mercury or more. Pich (2), Ornstein ' 
(3) and Wilkins and Fleischmann (4) each recorded a case exhibiting ovar- 
ian insufficiency, decreased stature and coarctation. Lisser and his asso- 
ciates (5), in a group of 25 patients with congenitallj’' aplastic ovaries and 
other associated abnormalities, described coarctation of the aorta in 1 and 
an anomalous toe in another. 

We have recently studied 9 males and 5 females affected with coarcta- 
tion of the aorta (6). We were impressed with finding that 4 of the females 
manifested shortness of stature and abnormal digits, and that tlie 3 wlio 
were adults showed clinical evidence of ovarian hypofunction. Two of 
these exhibited diastolic blood pressures over 90 mm. of mercury. 

These observations bear on any general consideration of the nature of 
the syndrome of so-called ovarian agenesis. They also lead one to the sup- 
position that those affected with this syndrome should be studied carefully 
for the presence of coarctation of the aorta and its often serious cardio- 
vascular complications. Hence, we are reporting the 4 patients briefly. 

CASE REPORTS 

Case 1, J. F., was a 24-year-old single white woman of limited intelligence who gave 
a history of abnormally short stature since childhood. At the age of 13 she had not 
menstruated and because of this, she consulted a physician who induced one menstrual 
period after a series of injections of unknown nature. Breast tissue had not been pali^able 
until stilbestrol therapy had been emplo 3 ''ed for several months. Vaginal bleeding occurred 
at irregular intervals while the patient received stilbestrol but had ceased upon with- 
drawal of the drug. The patient was 56 inches in height and weighed 110 pounds. The 
blood pressure in the right arm was 170 mm.Hg S 3 ’-stolic and 112 diastolic. It was not 
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Case 2, O. P., was a 36-year-olcl colored Avoman who said she had menstruated once 
at the age of 13 years. However, her intelligence was limited and the reliability of her 
history is poor. Breast tissue was not present and the genitalia Avere infantile. Axillary 
and pubic hair AA’-as sparse. After therapy AAuth stilbestrol, hoAA^ever, breast tissue became 
evident and pubic and axillary hair more abundant. Vaginal bleeding occurred at irregu- 
lar interA’^als while the patient received this drug. She Avas 56 inches in height with an arm 
span of 65 inches and AA^eighed 108 pounds. Her neck AA^as short (Fig. 2). Upon examina- 



Fig. 2. Photograph of the patient in Case 2 showing the short stature, short neck, and 
the relatiAmly long upper extremities. The pubic hair and breast development were the 
result of therapy with stilbestrol. 

tion of the extremities, the fourth toe of the left foot Avas found to be abnormally short 
(Fig. 3). In x-ray photographs this abnormalit}’- AA^as found to be due to a shortening of the 
metatarsal and phalangeal bones. IntraAmnous p 3 ’-elograms showed normal kidneys. 
Because abnormal digits, shortness of stature, and hj^po-OA'-arianism had been seen in tlie 
other cases of coarctation of the aorta here reported, special examinations for its presence 
AA'ere made. The diagnosis of subclinical coarctation AA'as established by direct measure- 
ments of arterial pressure in the upper and loAA'er extremities and by retrograde aortic 
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obtainnblc in the legs. Axillary and pubic hair was sparse. The genitalia were infantile 
and the ovaries could not be palpated. No vaginal smear was made. The fourth finger 
of the right hand and the fourth toes of both feet were abnormally short. The tibiae .showed 
slight bowing. The basal metabolic rate was plus S per cent. X-ray examination revealed 
the fourth right metacarpal and fourth metatarsal and phalangeal bones of both feet 
to be abnormally short (Fig. 1). The diagno.^is of coarctation cf the aorta was made on 
the basis of difTorcnccs in blood pressure between the upper and lower extremities, the 
presence of collateral circulation, and notching of the ribs shown by .x-ray e.xamination. 



Fig. 1. Roentgenograms and photographs of the hands and feet of the patient in Case 
1. There is a decrease in the length of the fourth right metacarpal bone. The shaft is 
narrow, the base decreased in ■n'idth and the head deformed. The fourth right metatarsal 
is decreased somewhat in length but the phalanges are of normal size. The fourth left 
metatarsal and the pro.ximal phalanx are considerablj' shortened. 

Operative repair of the coaractation was performed by Dr. Thomas H. Burford. 
^Menstrual function, twenty-four months later, had not returned. The blood pressure by 
direct puncture, eleven months postoperativelj’’ was 113 mm.Hg S 3 'stolic and 75 dias- 
tolic in the right brachial arterj- and 132 systolic and 78 diastolic in the right femoral 
artery'. Twenty-one months after operation, the blood pressure in the right brachial 
artery' was 130 systolic and 75 diastolic while that in the right femoral artery' was 132 
sy'stolic and 78 diastolic. The blood pressures by the ausculatatory' method were 140 
systolic and 80 diastolic in the arm and 150 systolic and 84 diastolic in the legs. 
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in height with an arm span of 54 inches and she weighed 95 pounds. Axillary and pubic 
hair was scanty, and the genitalia were infantile. Brefist tissue was not palpable. Stilbe-s- 
trol therapy caused the breasts to develop, axillary and pubic hair to become more dense, 
and vaginal bleeding to occur at intervals. The blood pressure in the right brachial artery 
determined by direct puncture was 143 mm.Hg systolic and 60 diastolic; that in the 
right femoral artery was 90 systolic and 57 diastolic. The basal metabolic rate was minus 
11 per cent. Examination of the extremities revealed that the fifth left finger was short- 



Fig. 4. Retrograde arteriogram in Case 2, taken 3 seconds after the injection of 70 per 
cent diodrast into the left common carotid arter 3 ^ A slight degree of constriction of the 
descending aorta is indicated by the arrow at the usual locality of coarctation. No col- 
lateral circulation was seen. 

' t 

ened. X-ray photographs showed that the distal phalanx of this finger was rudimentary' 
In addition, there was failure of closure of the epiphyseal joints of the radius and ulns. 
Intravenous pyelograms revealed caliectasis of the left kidney. X-ray examination of 
the chest revealed an azygos lobe of the right lung. Diagnosis of coarctation was made 
on the basis of diminished blood pressure in the lower extremities as compared to the 


Jvhj, WJ,n 


COAllCTATIOX OF AORTA 


G25 


artcriogriipliy (7). The fcinonil systolic pressure Wiis lh2 niiu.IIg niid thut iii the 
brachial artery, 193; diastolic pressjuro was 107 inm.IIg in the femoral artery and 116 in 
the brachial. Usually the femoral systolic pressure is about 20 mm.Hg higher than the 
brachial. The coarctation was of only mild degree (Fig. 4). In addition, the patient suf- 
fered from generalized arterial hypertension. She had a slipped epiphysis of the right 
femur with cystic changes in the femoral head and right acetabulum. The basal meta- 
bolic rate was plus 7 per cent. This case was similar in many respects to one reported by 
Stewart and Bailey, c/. their case number 1 1 (S). 




Fig. 3. X-ra}- photograph (oblique) of the left 
foot of the patient in Case 2. The fourth left 
metatarsal and all of its phalanges are shortened. 
In addition, this patient showed ununited epiphyses 
of the iliac crest, indicating a bone age of approxi- 
mately 18 years. The appearance of the toe is 
shown on the right. 


Case 3, N. P., was an S-j'ear-old white girl who complained of dj'spnea of two months’ 
duration. She had suffered three attacks of rheumatic fever with damage to her aortic 
and mitral valves. She was 39.5 inches in height and weighed 64 pounds. The minimum 
average height for an 8-year-old girl is 43 inches (9). The blood pressure in the right bra- 
chial arterj’ by direct arterial puncture was 214 mm.Hg systolic and 57 diastolic; in the 
left brachial artery 124 sj-stolic and 57 diastolic; and in the right femoral arterj- 87 
sj-stolic and 54 diastolic. Examination of the feet revealed short third toes which, on x- 
raj- examination, proved to be caused bj- shortening of the proximal phalanges. The 
diagnosis of coarctation of the aorta was established bj- differences in blood pressure 
levels between the upper and lower extremities, the presence of collateral circulation, 
notching of the ribs in x-raj- photographs, bj- retrograde aortic arteriographj-, and bj' 
exploratorj' thoracotomj-. The subcla^-ian arterj- originated at the site of the coarcta- 
tion. She died at operation. 

Case 4, F. R., was a 22-j-ear-old white single woman whose chief complaints were 
dj-spnea, fatigabilitj- and hj-pertension of twentj--one months’ duration. A lateral 
nj-stagmus of the ej-es had been present since birth. She was of limited intelligence, haring 
been graduated from high school at age 21. She had never menstruated. She was 55 inches 
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It is possible that the occurrence of coarctation in primary hypo- 
ovarianism is more frequent than previously reported, particularly in view 
of the common finding of slight to moderate elevation of the blood pressure 
in this condition (4). An alternative cause of the hypertension occurring 
in some patients with primary hypo-ovarianism may lie in congenital 
anomalies of the kidneys observed by Plachte (14) in patients with syn- 
dromes thought to be related to that of ovarian agenesis. Possibly by more 
specialized methods of study, such as direct measurements of arterial pres- 
sure and retrograde aortic arteriography, the milder form of coarctation 
might be demonstrated when these other congenital abnormalities exist. 

SUMMARY 

1. The occurrence of abnormal digits and shortness of stature in 4 
females with coarctation of the aorta has been described. Three of the 
patients exhibited signs of ovarian insufficiency; the fourth patient had 
not reached puberty. The degree of coarctation was minimal in 1 case, 
requiring specialized techniques for making the diagnosis. 

2. A review of the literature suggests that a slight to moderate degree 
of hypertension not infrequently accompanies the syndrome of primary 
ovarian insufficiency and decreased stature. Coarctation AA^as reported to 
be demonstrable in only a feAv. 

3. It is suggested that coarctation of the aorta should be suspected in 
Avomen Avith primary OA'-arian hypofunction, abnormal digits, and an ele- 
vated blood pressure. 
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upper, the presence of collnteral circulation, notchinp of the ribs in x-ray photographs, 
and retrograde aortic arteriograiihy. A surgical repair of the coarctation was performed 
by Dr. Burford in January, 1910, with excellent immediate rc.sults. 

COMMENTS 

The 4 fcmale.s discu.sscd in tin.'; report exhibited .several of the char- 
acteristics of a general syndrome dc.scribed by Turner (10), Albright and 
his associates (1) and others (2, 3, 4). Although determinations of urinarj' 
follicle-stimulating hormone and 17-kcto.steroids were not done, presump- 
tive evidence for ln^lo-ovarianism was present on the basis of develop- 
mental and menstrual history, physical findings, the scantiness of the 
pubic and axillary hair, and the growth of this hair following therapy with 
estrogens. It is probable, therefore, that tliese were not cases of pituitary 
dwarfism. 

Although 4 of the 5 females in our group of 14 patients with coarctation 
of the aorta (6) manifested a.ssociated skeletal and sexual abnormalities, 
these phenomena, with the exception of shortness of stature in 3, were not 
observed in any of the 9 males. Webbing of the neck was not present in 
any case. The shortened digits were bilateral in 2 of the cases, no more 
than a single abnormal digit being present in any one hand or foot. In 2 
of the patients, the metacarpal or metatarsal bones were primarily at 
fault and, in two others, the phalanges.* Generalized osteoporosis was not 
observed. 

Ovarian agenesis is associated with a multiplicity of congenital defects. 
The cases reported here exhibited some of the anomalies noticed bj’’ others 
(4). Alental retardation, while not tested for, was obidously present. An 
eye abnormality, short neck, cj'stic bony changes, retardation of grouTh 
of bone, azygos lobe of the lung, and anomaly of the renal pehds were each 
found. The shortening of the digits did not appear to be similar to those 
observed by Albright and associates (12) in pseudohj^poparathjT'oidism 
(Seabright-Bantam syndrome) since in our cases onl 3 ^ one digit of an ex- 
tremity was involved. The x-raj’’ appearance, however, resembled that 
seen in a case of J. S. L. Browne shown bj^ Setye (13). 

It is of interest that in Case 2 coarctation of the aorta was suspected 
on the basis of previous experience because of the presence of ovarian hj’'- 
pofunction, short stature, and abnormal digits in a patient with h 3 T)er- 
tension. Direct measurements b 3 ’’ a Hamilton manometer of the blood 
pressure in the brachial and femoral arteries suggested confirmation of the 
diagnosis. Retrograde arteriograplD’^ revealed a shght but definite degree 
of coarctation (Fig. 4). 


' Albright has noted abnormal digits in 2 cases of ovarian insufficiency (11). 



OVARIAN GRANULOSA CELL TUMOR 
AND ACROMEGALY 

HAROLD SPEERT, M.D. 

From the Department of Obstetrics and Gynecology, College of Physicians and 
Surgeons, Columbia University, New York, N. Y. 

A menorrhea is one of the most consistent and usually one of the 
L earliest symptoms of pituitary tumor in women. Menstrual function 
may return, however, even after a prolonged period of amenorrhea, fol- 
lowing surgical removal of the tumor, its shrinkage by roentgen irradiation, 
or possibly in rare instances following the escape of the expanding tumor 
from the sella turcica with consequent decompression of the normal ele- 
ments of the gland. In the following unique case resumption of uterine 
bleeding occurred in an acromegalic as the result of a coincidental lesion, 
namely, a granulosa cell tumor of the ovary. 

Case report. — The patient was a 42-year-old white, married, Russian-born housewife, 
who was first seen at the Columbia-Presbyterian Medical Center September 16, 1948, 
with the complaint of enlargement of the hands and feet and distortion of the face. These 
symptoms, first observed by the patient about six years before, had been preceded for 
about three years by excessive fatigue and frequent blurring of vision, beginning soon 
after the birth of her only child in 1939. More recentlj'- headache, weakness of the arms, 
tremors, a feeling of fullness in the mouth, and spreading of the teeth were noticed. 

Her menstrual periods, which began at the age of 11^ years, had always been normal 
until 1945, when the patient had several profuse flows witli some intermenstrual bleeding. 
A curettage performed at anotlier hospital disclosed mild endometrial hyperplasia. The 
menses resumed their normal regularity until June 1946, when they ceased. From 
October 1944 to June 1948 the patient was treated intermittently with injections of 
estrogenic hormone because of hot flashes, fatigue, and depression, but these symptoms 
were much diminished for the five or six months before admission. 

In January 1948 vaginal spotting occurred and the patient's physician removed a 
cervical polyp. In June 1948 scanty bleeding occurred for three days. Similar fiows re- 
curred in July, twice in August, and three times in September. Profuse bleeding began 
October 16 and continued for nine days, at the end of which time the patient was hos- 
pitalized. 

Her appearance was t 3 ’-pical of acromegaly (Fig. 1), with increase in size of the hands, 
feet, and facial features. Speech was thick. The optic discs showed bilateral temporal 
pallor but perimetric examination was unreliable because of poor cooperation. On pelvic 
examination a firm, freely movable, globular mass about 4 cm. in diameter was felt in 
the left adnexal region. The patient’s weight was 61.1 Kg. and her basal metabolic rate, 
plus 14 per cent. Urinar}'- estrogen excretion, determined by the fluorometric method of 
Jailer (1), was 32 micrograms in 24 hours. This value is higher than is normally en- 
countered in postmenopausal women. All other chemical and serologic tests of blood, 
urine, and cerebrospinal fluid gaA'e normal values. Stereoscopic roentgenologic examina- 
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tion of the skull revealed a markedly enlarged sella turcica measuring 22x16 mm., with 
depression of its floor and thinning of the posterior clinoids (Fig. 2). 

In addition to her obvious acromegaly the patient was believed to have a solid tumor 
of the left ovary, possibly of the granulosa cell t 3 q)e. On November 19, 1948, complete 
abdominal hysterectom}'’ and bilateral salpingo-oophorectomy were performed. The 
uterus measured 9.5x4.5x3 cm. and was normal save for a slender endometrial polj'’p 
2,8 cm. long (Fig. 3), and adenomatous hyperplasia in a thin endometrium which showed 
evidence of previous atrophy (Fig. 4). There was moderate squamous metaplasia in the 
endocervix. The right ovary was grossly normal. It contained a simple cyst about 1 cm. 
in diameter, several graafian follicles, and a rather dense stroma with no evidence of 
recent ovulation. The left ovary was replaced bj’^ a solid, encapsulated tumor measuring 
3.5 cm. in diameter. It had a white, whorled appearance when cut. Microscopic sections 



Fig. 3. Endometrial poljq). 

showed a well preserved typical granulosa cell tumor. The cells were arranged in a 
cjdindromatous pattern, with the cords of tumor cells separated b}'- a rather dense 
stroma and presenting the characteristic appearance of moir6 silk (Fig. 5). 

Postoperative convalescence was uneventful and the patient was discharged on 
December 2, 1948, to continue radiotherap 3 ^ to the pituitar 3 '- region which was begun 
prior to operation. 


COMMENT 

Despite the high incidence of amenorrhea in women with acromegaly, 
there is a dearth of information concerning the genital organs of these 
patients (2, 3). Cushing and Davidoff (4), in their detailed treatise on the 
pathologic findings in acromegaly, 3vere able to find in the literature 
only 4 cases in which the female pehdc organs were adequately described. 
More recently Henderson (5) and Kloppner (6) have written excellent 
papers on the sexual dj'-sfunctions associated with adenomas of the pitui- 
tary, the former’s study including 73 cases of acromegaly, without adding 
significantly^ however to the anatomic data on the genital oigans. Re- 
views of the world’s literature on acromegaly (7, 8, 9) and a recent report 
by Goldberg and Lisser (10) furnish a total of only about a dozen cases in 
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Fig. 1. The patient. 



Fig. 2. Roentgenogram of skull, showing enlargement of sella turcica. 
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contained large amounts of gonadotropic substance as well as growth hor- 
mone. In acromegaly, production of gonadotropin is impaired as the result 
of the compression of the pituitary basophiles by tlie eosinophilic tumor. 

The present case appears to be the first recorded instance of a granulosa 
cell tumor of the ovary in a patient witli acromegaly. The functional ac- 
tivity of the tumor is attested by the Ihgh titer of urinary estrogen four 
months after cessation of hormonal therapy. This is adequate to explain 
both the irregular uterine bleeding and the adenomatous hyperplasia of 
the endometrium. The relation of this endometrial lesion to persistent 
estrogenic stimulation has been demonstrated in recent papers by Gusberg 
(12) and Novak and Rutledge (13). Alterations in other endocrine organs, 
particularly the thyroid, are fairly common in acromegaly; and Gerstel 
(14) has reported a case of this disorder in which several other endocrine 
glands were the sites of benign tumors. 

The endometrial polyp in the present case maj'^ possibly be more than a 
coincidental finding. Despite the paucity of detailed descriptions of the 
female pelvic organs, this lesion has been reported in at least 3 other 
patients with acromegaly, aged 49, 58, and 64 years respectively (6, 10, 
15). This is a higher incidence of endometrial polyps than is normally en- 
countered in women of this age group (16) and may signify an etiologic 
relation to the excessive secretions of the pituitary eosinophiles. 

Reece and Leonard (17) have found that estrogen inhibits the effect of 
growth hormone in the hypophysectomized rat. Altliougli tliere is nothing 
in the present patient’s history to indicate that remission of her acro- 
megaly Avas caused by the ovarian tumor, it is interesting that a signifi- 
cant amelioration of her hot flashes, fatigue, and depression AA^ere obserA'^ed 
for five or six months prior to admission. 

SUMMARY 

The first recorded instance of a granulosa cell tumor of the ovary in a 
patient with acromegaly is presented and discussed. 
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E STIMATION of urinarj'^ gonadotropin excretion for clinical studies 
usually depends on measurement of the reaction in the gonads of 
immature rodents caused bj'' administration of extracts of urine, the most 
widely used methods having as end-points increases in ovarian or uterine 
weight of rats or mice (1-6). The estimation of gonadotropin by means of 
measuring its power to increase the weight of the rodent uterus is a rela- 
tively sensitive procedure. However, it permits measurement only of the 
total gonadotropin activity because the estrogen-induced .uterine enlarge- 
ment can be the result either of injected luteinizing hormone or of aug- 
mentation of the animal’s endogenous luteinizing hormone by administered 
follicle-stimulating hormone (7, 8). No simple, sensitive and accurate 
means of differentiating between the gonadotropins present in an extract 
of urine has been available for clinical use. 

Since the ovarian hyperemia response in the rat is an excellent test for 
urinary chorionic gonadotropin (9), and since this reaction in the rat re- 
sults from the action of chorionic gonadotropin as a luteinizing hormone ' 
(10), it seemed possible that the hyperemia response could be used as the 
basis of a test for luteinizing hormone in the urine of nonpregnant humans. 
Farris (11) has reported the production of ovarian hyperemia in the rat 
by injection of urine obtained from women on the days just preceding 
ovulation. Riley, Smith arid BroAvn (12) and’ Kuppeiman and associates 
(13) have shown that this reaction is caused by pituitary luteinizing hor- 
mone or luteotropin and not by follicle-stimulating hormone. It, therefore, 
seems probable that the hyperemia reaction following injection of urinary 
gonadotropin results from the luteinizing hormone and/ or the luteotropin 
content and not from the follicle-stimulating activity. This report presents , 
data on the excretion by humans of gonadotropin as measured a) by the 
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centrifuge tubes, aliquots of 1/4, 1 /8, 1/16, and 1 /32 of the total extract and make up 
the volume with saline solution to 3 cc. in each tube. 

3. Inject subcutaneously 0.25 cc. of solution per mouse twice daily for three days. 
Injections are at least eight hours apart. 

4. Kill animals on fourth day b}"- a blow on the head. 

5. Weigh animals to nearest 0.5 Gm. Discard animals which are very heavy or very 
light. Weight range is from 8 to 15 Gm. 

6. Remove ovaries and uterus including cervix. Dissect uterus and ovaries cleanly. 
Split uterus longitudinall 3 ^ Blot gently and Aveigh to nearest 0.1 mg. on torsion 
balance. Blot gently and Aveigh ovaries together. A uterine Aveight to body Aveight 
ratio of 2 mg./Gm. or greater is considered positive. AA'^erage control ovarian 
AA^eight is 3 mg. and a Aveiglit of OAmr 6 mg. is called positive. At least 4 control 
animals are killed on each assay daJ^ 

7. If the test is positiAm at all leAmls run, further serial dilutions are made until a nega- 
tiAm level is reached. Normal Amlues: 4-64 m.u.u./24 hours for adult males and 
females. 

D. Hyperemia assay: 

The 21-day-old mouse has been used in these studies instead of the rat 
because the h 5 '-peremia reaction is at least 10 to 20 times more sensitive 
in the mouse than in the rat tAdien urinary gonadotropin is administered. 
Our observations confirm those of Zondek et al. (10), Avho found spontane- 
ous hyperemia reactions more frequent in the mouse. By proper precau- 
tions to be described later it has been possible to keep the incidence of 
these reactions at a very low level which does not interfere Avith the use- 
fuleness of the technique. 

1. Dissolve the 24-hour urine extract in a conA'-enient volume of isotonic saline solu- 
tion (6 cc.). 

2. Make up solutions of extract to be giAmn to 4 mice at each dose leAml. Dilutions 
routinely used for the initial assay are 1/16, 1/64, 1/128, and 1/256 of the 24-hour 
extract for each mouse. Each dose is given in one injection in a volume of 1 cc. 

3. GiAm subcutaneously each dilution of extract to one mouse. This is the preliminary 
“range finding” assay. The results of this “range finding” indicate the dilutions to 
be administered to 3 additional animals in order to complete the assay on the 
following day. 

4. Kill the mice AAoth carbon monoxide seAmn hours after injection. 

5. RemoAm the oAmries, including enough of the mesentery and horn of the uterus to 
prevent drainage of blood from the ovarian veins. The reaction is read bj’^ evaluat- 
ing the color response of the ovarJ^ Three types of reaction are encountered: a) 
Positive: the ovary is as red as kidney, b) Negative: the ovary is pale white or very 
slightly pink, c) EquiAmcal: the OA'^ary is neither as red as kidney nor sufficiently 
pale to be called “negative.” The incidence of these reactions in saline injected 
mice is as follows: 

No of mice No. of ovaries Plus Plus minus Minus 

127 254 22(8.6%) 95(37.4%) 137(54%) 
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uterine weight method, which is regarded as an estimate of the total go- 
nadotropin, and b) tlie ovarian InTjcremia method, whicli is considered an 
estimate of luteinizing hormone or of lutcotropind 

METHODS 

A. CoUcclion of ttrinc 

Forty-eight, or occasionally 24-hour urine specimens, collected without 
preservative but with the urine stored at ice-box temperature during the 
collection period, are used. 

B. P reparation of extract 

1. Measure urine volume. Acidify to litmus, filter and add 1 Gm. NaCl per 100 cc. of 
urine. 

2. Add 4 volumes 95% ethyl alcohol; shake well; let stand in refrigerator overnight. 
Remove supernatant by sii)honing and discard. Centrifuge; decant and discard 
supernatant. M'ash precipitate with ether (about 50 cc.). Centrifuge; decant and 
discard supernatant. 

3. Dissolve precipitate in distilled water. Dialyze whole precipitate (against running 
tap water) in cellophane bag overnight. Pour diah’zed precipitate into centrifuge 
cup and thoroughly rinse out cellophane bag with distilled water. 

4. Centrifuge; decant, saving supernatant. Rinse precipitate and centrifuge again. 
Pool supernatants. 

5. Lyophilize in two equal parts (24-hour aliquots). 

C. Total gonadotropin assay: 

Two 21-day-old female white mice are used for each dosage level. Total 
gonadotropin excretion is expressed in terms of mouse uterine units 
(m.u.u.) per 24 hours. One m.u.u. is that amount of material which will 
cause an increase in uterine weiglit of 100 per cent over the uterine weights 
of saline injected controls. Serial dilutions of the extract are made until the 
smallest amount of material causing a positive result is found. Ovarian 
weights are also measured. An ovarian weight increase of over 100 per cent 
indicates relatively large amounts of F.S.H. 

1. Dissolve the 24-hour extract in a convenient volume of isotonic saline solution (6 
cc.). 

2. iMake up solutions of extract to be given to 2 mice at each dose level. The usual 
beginning assaj- levels are 8, 16, 32, and 64 m.u.u. Therefore pipette into 15 cc. 

* We wish to thank Dr. W. W. Westerfeld for his advice in setting up this method. 

= The extracts used in this study were prepared by the alcohol precipitation method 
described. Preliminary studies have shomi that the hyperemia-producing material, as 
well as the gonadotropins which cause a mouse uterine weight increase, can be as effec- 
tively extracted from urine bj' ultrafiltration (8, 14) as by alcohol precipitation. Bj' the 
use of the ultrafilter, an ovarian hyperemia assaj- can be completed in less than twelve 
hours after receipt of the urine specimen. 



640 


CHARLES W.' LLOYD ET AL. 


Volume 9 


injection did not increase the specificity of this reaction for luteinizing 
hormone in a manner such as occurs when other end-points are used (15) 
and the greater toxicity of the extract when given by this route presented 
a disadvantage outweighing any possible advantage. Autopsy at seven 
hours after injection resulted in greater sensitivity than did autopsy at 
two, four or twenty-four hours after injection. 

RESULTS 

Normal adults: 

The gonadotropin excretion of a normal adult woman during a men- 
strual cycle as measured by the uterine weight and ovarian hyperemia 
techniques is depicted in Figure 1. Each point represents the value of half 
of the gonadotropin contained in a 48-hour urine collection. The necessity 



Fig. 1. Gonadotropin excretion of a cyclically menstruating woman 
throughout one menstrual cycle. 

of pooling 48-hour extracts has undoubtedly resulted in decreasing the 
differences in levels of gonadotropin which might have appeared if daily 
measurements had been made. Study of two other complete cycles, one in 
the same subject, the other in a second normal woman, showed the same 
general pattern of gonadotropin excretion. A rise in total gonadotropin and 
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A dosage level is called positive when 2 (25%) of the S ovaries of the 4 mice recei\-ing 
that dose show a positive result. A mouse hyperemia unit (m.h.u.) is defined as the 
amount of e.xtract causing 25% of S ovaries to have a “positive” reaction. The "equi- 
vocal” reaction is considered “negative” in interpreting the test. 

At least 4 saline injected control animals arc sacrificed on each daj’ that assa 5 's are 
performed. 

Care of atiimals: 

Immature female white mice are used. Animals must be kept at a tem- 
perature below 76°r. 'UHien animals are raised in an environment warmer 
than 76°F. a high incidence of “false positive” ovarian hj^jeremia reac- 
tions occurs, even if the animals are kept at below 76°F. for one week before 
use. These reactions apparently are the result of the high temperatme, 
which causes a generalized vasodilatation, including the vessels of the 
ovaries. 

The size and age of the animals used are factors influencing the inci- 
dence of false positive reactions. Animals over 12 to 13 grams in weight 
and older than 26 days tend to have a higher incidence of “false positive” 
reactions. Animals which are sick or are extremely small may have de- 
creased sensithnty. We use only animals weighing from 8 to 13 grams, 
which are healthy and under 26 days of age. These animals are kept in 
an air-conditioned room at a temperautre between 72° and 76°F. 

Specificity of the hyperemia reaction: 

The hjTJeremia reaction in the mouse has been caused bj^ the following 
materials given subcutaneously: sheep pituitarj' gonadotropin,® purified 
prolactin,® and extracts of urine from normal adult males and females and 
from castrate males. No reaction was caused by subcutaneous or intra- 
peritoneal injection of extracts of urine from menopausal women (with 
one exception, when a small amount of hj'peremia-producing material was 
found) and of extracts of urine from 3 patients with pituitary failure re- 
sulting from intracranial neoplasms. Intraperitoneal and subcutaneous in- 
jection of tiupentine, casein (20 per cent) and glucose (25 per cent) in 
doses as large as could be tolerated by the recipient animals caused no 
ovarian hj^eremia. 

Route of administration and time of reaction: 

The subcutaneous injection of gonadotropin extract in a single dose 
produces' an ovarian response of magnitude equal to the response following 
intraperitoneal or subcutaneous injection of di\’ided doses. Intraperitoneal 

’ Supplied through the courtesy of Dr. E. C. Reifenstein, Jr., of Ayerst jMcKenna & 
Harrison, Ltd. 
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average values of hyperemia-producing material for men are lower than for 
women. No postcoital increase in hyperemia-producing material in either 
sex, such as has been reported by Farris (16), has been found. 

Normal children : 

Two normal boys and 2 normal girls, all in their sixth year, excreted less 
than 4 m.u.u. per 24 hours and less than 4 m.h.u. per 24 hours. 

Hypergonadotropic hypogonadism : 

Female: Five patients with ovarian failure either as a result of surgical 
castration or of ph 3 ^siologic menopause were studied. Uterine weight 
and ovarian hyperemia values are shown in Table 2, Although gonado- 


Table 2. Gonadotropin Excretion of Castrate Females 


Subject 

Mouse uterine units 
per 24 hours 

Mouse h 5 '-peremia units 
per 24 hours 

1 

Untreated 

128 

<6 

2 

128 

<4 

3 

96 

<8 

4 

96 

<8 

5 

32 

<5 

6 

64 

16 

7 

Estrogen treated 
<8 

128 

8 

<8 

256 

6 


64 


tropin excretion as estimated in mouse uterine units was usually high, 
hyperemia-producing material was low or absent in all patients studied- 
Three other patients, surgically castrated several years before, were re- 
ceiving sufficient estrogen at the time of study to produce a marked estro- 
gen effect in the vaginal smear. These patients excreted large amounts of 
hyperemia-producing material and small amounts of total gonadotropin. 

DISCUSSION 

A considerable body of evidence indicates that the substance measured 
by the uterine weight method of gonadotropin assay is different from the 
material which produces ovarian hyperemia. The uterine weight increase 
is the result of the total gonadotropin activity present in the urine ex- 
tract (7, 8). The ovarian hyperemia reaction depends on luteinizing hor- 
mone or luteotropin (10, 12, 13). Although the presence of follicle-stimulat- 
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a proportionately much greater rise in hyperemia-producing material oc- 
curred just before the change in basal body temperature considered in- 
dicative of ovulation. In Figure 2 arc shown representative data concerning 
the excretion of hyperemia-producing material of other normal women. 


EXCRETION OF HYPEREMIA PRODUCING MATERIAL 
BY NORMAL ADULT FEMALES 



DAYS ttront UCN8TRUAL PERIOD 
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Fig. 2. Excretion of hj-peremia-producing material by normal women. Each circle 
represents the excretion during one 24-hour period. The number within the circle 
identifies the subject. 

Hj'peremia-producing material is almost always detectable in the urine 
of normal women, with large amounts being present at the time of otnila- 
tion. The material is less frequently found in the urine of normal males, 
but is often detectable. Values for normal men are shown in Table 1. The 


T.4BLE 1. GoX.iDOTKOPIX ExCRETIOX OF NOBMAL AdULT IMaEES 


Subject 

iMouse uterine units 
per 24 hours 

Mouse hj'peremia units 
per 24 hours 

1 

<8 

16 

2 

<8 

< 4 

3 


<16 

4 

16 

i S 

0 


16 

G 

8 

<16 

7 


<16 

s 

<8 

<16 

9 

<8 

<16 
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castrate women who are receiving sufficient estrogen to produce a definite 
vaginal smear effect, contains hyperemia-producing material in amounts 
as great or greater than is found at the time of ovulation in the urine of 
normal women. Further studies of the urinary excretion of gonadotropin 
by castrate males and females and of the effects of estrogen on gonado- 
tropin excretion will be published in a separate report. 

SUMMARY 

1. A method is described for measuring the urinary excretion of material 
which is capable of causing ovarian hyperemia when injected into the im- 
mature mouse. Mouse uterine weight assays were also performed on the 
same specimens. 

2. The assay which measures the amount of ovarian hyperemia-pro- 
ducing material is considered to be an estimation of luteinizing hormone 
or luteotropin excretion. 

3. The assay which utilizes the uterine weight increase as an end-point 
is considered to be an estimation of total gonadotropin excretion. 

4. The normal woman excretes at all times material which causes an 
increase in the uterine weight of the mouse and which produces an ovarian 
hyperemia. Ovulation is preceded by a moderate increase in total gonado- 
tropin and by a proportionately much greater increase in hyperemia- 
producing material. 

5. The normal male excretes less of the liyperemia-producing material 
than is excreted by the normal female. 

6. The castrate female excretes large amounts of total gonadotropin and 
very small amounts of the hyperemia-producing material. Administration 
of estrogen in quantities sufficient to cause a considerable estrogen re- 
sponse of the vaginal smear is followed by excretion of small amounts of 
total gonadotropin and large amounts of hyeremia-producing material. 
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ing liormonc slightly augments the ovarian hyperemia-producing acti\ity 
of luteinizing hormone, the degree of augmentation is not great (13). For 
clinical assays this augmentation is disregarded. In our studies, the uterine 
■weight method of assa}’ is considered as a measure of the total gonado- 
tropin present in the extract, and the hyperemia-producing material is con- 
sidered to be cither luteinizing hormone or luteotropin. No method is 
available for differentiation between luteinizing hormone and luteotropin, 
so that it is impossible to decide what portion of the hj^peremia-producing 
activity of an extract depends on each of these hormones. 

If the hyperemia-producing material found in urine represents luteiniz- 
ing hormone, its excretion by the normal adult is to be expected. The 
presence of luteinizing hormone is required for the secretion of gonadal 
steroid hormones (7). The normal adult is never completeb' without go- 
nadal hormones and, therefore, some small amount of luteinizing hormone 
must be present at all times. In the female, the increase in hj-peremia- 
producing material precedes ovulation and probably represents the lute- 
inizing hormone which causes ormlation. AVe have found a high peak of 
excretion at the time of o^'ulation when urine concentrates are used. We 
have not been able to confirm the observation of Farris (11) that sufficient 
hjq)eremia-producing material is excreted before ovulation to produce a 
positive response when unconcentrated urine is injected. 

Le^in and Tjmdale (1) and Leathern and Le^^n (17) have likened the 
gonadotropin found in urine of normal males to that found in the luine of 
castrate females, reporting that the urine of males has a high content of 
follicle-stimulating activity and a small amount of luteinizing actmty. In 
our study, the average of values of hjqjeremia-producing material in urine 
extracts was less in males than in normal females, but was greater than for 
castrate females. The average total urinary gonadotropin was somewhat 
less in normal males than in normal women and was much less than the 
total gonadotropin excretion of castrate women. 

The castrate women included in this study excreted large amovmts of 
total gonadotropin and small amounts of hjqDeremia-producing material. 
In this tjqje of patient the total gonadotropic actmty consists principally 
of follicle-stimulating hormone (1, 2, 18, 19, 20, 21). The low values for 
luteinizing hormone determined by the hj’peremia method are in agree- 
ment with the low values found bj"- other means for detecting luteinizing ac- 
tiidt 3 \ Although the luteinizing activitj’’ is low, definite though slight 
hjTDeremia-producing effects are sometimes obtained with urine from 
castrates. Other laboratories have also reported data indicating that the 
gonadotropin in the urine of castrates is not a pure follicle-stimulating 
hormone but also contains small amounts of luteinizing hormone (22). 
Preliminary studies, as indicated in Table 2, suggest that the mine of 
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Denver, Colorado 

T he development of chemical methods (1, 2, 3) for the measurement 
of adrenocortical steroids in urine has made possible the evaluation 
of the level of excretion of these substances in normal individuals and in 
relation to diseases known to involve tlie adrenal cortex. A considerable 
amount of data is now available concerning the normal level of excretion 
of adrenocortical steroids by adults. Little has been done toward the de- 
termination of tlieir elimination by infants. Knowledge of the excretory 
level of these compounds during the first few weeks of life may aid in 
explaining the function of the human fetal adrenal cortex. In order to 
estimate the level of excretion of adrenocortical steroids in normal infants 
and in the hope that these data might help toward the evaluation of the 
function of the fetal cortex, the amount of neutral lipid-soluble reducing 
substances excreted in the urine of premature and full-term infants was 
determined during the period when involution of the fetal cortex is known 
to occur. 

METHODS 

Twenty-four hour urine specimens were collected from babies in the 
Premature Center and the Pediatric Ward of the Colorado General Hos- 
pital.^ The urine was collected rvithout preservatiA^e. It was stored in the 
refrigerator and was analyzed within tAventy-four hours after collection. 
The determinations of neutral lipid-soluble reducing substances^ Avere done 
by the method of Heard, Sobel and Venning (2) and the results are ex- 
pressed in terms of desoxycorticosterone^ as a standard. Analyses per- 

Received for publication January 21, 1949. 

* From the thesis presented to the Graduate School of the University of Colorado, by 
Charles F. Matson, in partial fulfillment of the requirements for the M.S. degree. 

1 We gratefully acknovdedge the cooperation of Dr. Clifton D. Govan and staff mem- 
bers of the Department of Pediatrics who collected the urine specimens. The method of 
Hoag (4) was used for the urine collections. 

2 The method used is not specific enough to identify these substances unequiAmcally as 

adrenal cortical compounds. 

3 We wish to express our thanks to Dr. C. R. Scholz of Ciba Pharmaceutical Products, 
Inc., who furnished desoxycorticosterone. 
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has reported values for the excretion of these substances by infants. The 
excretory levels varied from 0 (no reduction) to 0.2 mg. per 24 hours as 
measured by the method of Talbot, Saltzman, Wixom and Wolfe (1). 
These values are considerably lower than those reported here, but the 
method used by Day characteristically gives lower results than does the 
method of Heard, Sobel and Venning (2). Venning and Kazmin (6) were 
unable to detect any glycogenic activity in the urine of newborn male 
infants during the first four days of life. 

In the present work there was no instance in which the urine failed to 
contain lipid-soluble reducing substances. In fact, the highest value ob- 
served, 0.62 mg., was excreted by a full-term infant 4 days of age. The 
smallest quantity, 0.17 mg., was excreted by a premature infant 3 days of 
age. The latter value is questionable because the small quantity of urine 
prevented duplicate determinations. Although the amount of data is too 
small to be certain, there appears to be no correlation between the age 
of the infant and the quantity of lipid-soluble reducing substances ex- 
creted. Neither does the amount excreted seem to depend upon whether 
or not the infant was born prematurely. 

The babies in this study excreted much less of the lipid-soluble reducing 
substances than do adults. On a body weight basis, however, adults excrete 
approximately 0.02 mg. per Kg. per day, whereas these infants excreted 
approximately 0.12 mg. per Kg. per day. This would seem to indicate that 
the gland at this age is worldng at a higher level than that of the adult, 
although it is possible that the substances measured by this procedure maj'- 
originate, in part, in locations other than the adrenal cortex. As Day 
(5) has pointed out, if one compares the level of excretion to the weight 
of the adrenal gland, this difference between the infant and the adult 
probably would disappear. However, Sayers and Sayers (7) emphasize 
that the level of secretion of the adrenal cortex is determined, in part at 
least, by the demand for the hormones that exists in the tissues. If this is 
the case, the expression of the level of excretion of the adrenocortical 
steroids in terms of body weight is perhaps a good method of comparison. 
On this basis our data indicate a greater cortical secretion in infants than 
in adults. 

The question of the function of the human fetal adrenal cortex remains 
an enigma. The results herein reported might be taken to indicate that the 
fetal cortex produces substances similar to those produced by the adult 
cortex, and a larger quantity of them. On the other hand, the apparently 
greater secretion might be the result of the loss of stored materials oc- 
casioned by the involution of the fetal cortex. Certainly these data do not 
give any precise information concerning the function of this interesting 

organ. 
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formed on urine from adults gave results between 1.04 and 2.54 mg. per 
24 hours, in comparison to the range of 1.1 to 2.1 mg. reported bj’- Heard, 
Sobel and Venning (2). Recovery experiments with desox'j'corticosterone 
were satisfactory. 

RESULTS 

All of the babies examined were males. Twelve determinations on urine 
specimens from 8 premature infants and 5 determinations on specimens 
from 0 full-term infants were made. The results are recorded in Table 1. 


Table 1. The Urixary Excretion of LiriD-soEUBEE Reducing Sgbst.^-ces 

PER 24 Hours by Infants* 



Subject 

Birth 

weight 

V'eight at 
time of 
collection 
of urine 

Age at 
time of 
collection 
of urine 

Urine 
volume 
per 24 
hours 

1 

Lipid-soluble 
reducing 
substance 
per 24 hours 



Gm. 

Gm. 

days 


mg. 


1. 

2,119 

2,041 

3 

49 

0.17 




2,112 

9 

87 

0.29 

eo 



2,182 

15 

57 

0.30 


2. 

2,140 

2,098 

13 

50 

0.20 




2,404 

20 

116 

0.34 


3. 

1,911 

2,098 

9 

130 

0.38 

*C 

4. 

2,240 

2,249 

12 

350 

0.22 


5. 

2,232 

2,183 

15 

113 

0.27 

V. 

R, 

6. 

2,017 

2,313 

25 

t 

0.27 




2,495 

28 

211 

0.36 


7. 

1,903 

2,580 

27 

112 

0.20 


s. 

1,389 

2,108 

33 

147 

0.22 


9. 

3,048 

2,835 

5 

155 

0.29 

C .2 

10. 

3,300 

3,473 

5 

105 

0.26 


11. 

3,600 

3,459 

4 

320 

0.62 


12. 

3,147 

3,090 

6 

164 

0.31 


13. 

3,441 


17 

232 

0.28 


* Referred to desoxycorticosterone as a standard, 
t Part of sample lost. Value given is 0.27 mg. per 150 ml. 


The amounts of lipid-soluble reducing substances excreted bj*- the pre- 
mature infants varied from 0.17 mg. to 0.38 mg. per 24 horn’s. The full- 
term infants excreted a minimum of 0.26 mg. and a maximum of 0.62 mg. 
per 24 hours. 

DISCUSSIOJs 

The results show that measurable amormts of lipid-soluble reducing 
substances are excreted by both prematmre and full-term infants. Day (5) 










Letter to the Editor 

To THE Editor; 

HYPERSENSITIVITY TO PITRESSIN 

I SHOULD like to take tliis opportunity to write to you concerning the 
development of hypersensitivit}^ to pitressin (beta-lijqiophamine) in 
the treatment of idiopathic (primary) diabetes insipidus. Such a situation 
occurred in a 33-year-old female who was receiving pitressin therapy for 
known diabetes insipidus. 

This patient had been given one or tAvo nasal tampons saturated lAuth 
1 to 2 cc. of pitressin in aqueous solution as required to control the diuresis 
for approximately tAAm and one-half years. Gradual failure to influence the 
diuresis necessitated discontinuation of this form of therapy, and the in- 
tramuscular injection of 1 cc. of pitressin tannate in oil daily AA^as in- 
stituted. After one month of using this route, erythematous areas ap- 
peared over the injection sites. On seA^eral occasions there occurred malaise, 
general aching, and a feeling of stiffness in the hands, feet and lips. There 
AA’^as one episode Avith some Ammiting and tetany AAdth generalized clonic 
spasms and marked carpopedal spasm. 

An intracutaneous test Avith an aqueous solution of pitressin produced 
a pruritic, erythematous, elcA^ated AAdieal 4.5 cm. in diameter. 

The administration of 400 to 500 mg. of benadryl (diphenhydramine 
hydrochloride) daily has prevented local and systemic symptoms of 
allergy and has permitted the administration of the quantity of pitressin 
tannate required to control the diuresis and polydipsia. HoAA^ever, pres- 
sure urticaria at sites where constricting clothing presses against the body 
is a persistent, troublesome symptom. 

When there has been a deficient intake of the antihistamine drug, with- 
out change in the amount of pitressin tannate, systemic symptoms have 
been presaged by alkalinity of the urine. Fifteen to 30 grains of ammonium 
chloride gave the urine a neutral reaction, abolished the malaise, aching, 
and stiffness; and nullified the antidiuretic action of the pitressin tannate. 

When the pitressin tannate was given AAdth a single, simultaneous dose 
of benadryl (100 mg.) and blood studies were done ten hours later (the 
usual time interval between giving the pitressin and the onset of un- 
toAvard symptoms), the leA^els of calcium, phosphorus, albumin, globulin, 
total proteins and A/G ratio Avere all Avithin normal limits. 

The appearance of bizarre symptoms in individuals receiAdng continu- 
ous pitressin therapy should make one alert to the possibility of the de- 
A^elopment of hypersensitivity to tins substance. 

Manckesler Road, R.D. S, John Brice Peass, M.D. 

Poughkeepsie, A. Y. L 1949. 
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SUMMARY 

The lipid-soluble reducing substances have been determined in the 
urine of premature and full-term infants. The total quantity of material 
excreted was low but, per unit of body weight, was higher than that ex- 
creted by adults. The possible bearing of the results on the problem of the 
function of the fetal adrenal cortex is discus.sed. 
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2. Nor-Epinephrine in Adrenal Medulla. 

Marcel Goldenberg and Mogens Faber (introduced by R, F. Loeb). 

From tlie Departments of Medicine and Biochemistry, College of Physicians and 
Surgeons, Columbia Universit 3 ’’, and the Presbyterian Hospital, New York, N. Y. 

Studies on the hemodynamics of epinephrine and nor-epinephrine and its possible 
relation to the problem of hj'-pertension haA'-e raised the question as to whether nor- 
epinephrine is present in the normal adrenal medulla and in chromaffin tissue tumors 
(pheochromocjdomas). 

Since bioassay of small amounts of nor-epinephrine in mi.vtures containing large 
amounts of epinephrine is not feasible, chemical methods Avere used to show the presence 
of nor-epinephrine in extracts of the adrenal medulla of cattle. 

A good separation of nor-epinephrine from epinephrine can be obtained by paper 
chromatography using phenol as soh’-ent (James). By modifying James’ method, a sensi- 
tivitj’’ as low as 2 micro g. could be obtained and a quantitatiA’'e estimation by planimetric 
measurement of the spot areas Avas possible. 

Extracts of the adrenal medulla of cattle (epinephrine U.S.P.'reference standard) were 
found to contain up to IS per cent nor-epinephrine. 

The epinephrine fractions from 3 chromaffin tumors Avere examined and found to con- 
tain 50 to 90 per cent nor-epinephrine. 

These findings are of interest since epinephrine and nor-epinephrine differ significantly 
in their pharmacologic actions. Recent hemodjmamic inA^estigations in man using the 
method of right heart catheterization haA'e shown that epinephrine within a physiologic 
range acts as an OA'^erall Amsodilator and causes hypertension onlj'^ by increase of cardiac 
output. Nor-epinephrine, on the other hand, acts as OA'-erall Amsoconstrictor with no 
change or slight decrease of cardiac output. These two agents also differ in their actions 
on metabolism; e.g., tlie hyperglycemic action of nor-epinephrine is much less marked 
than that of epinephrine (ratio 1:8). 

3. Studies on an Anti-Diuretic, Non Chloruretic Substance Extracted from Urines of 
Normal and Cirrhotic Subjects.* 

Elaine P. Ralli, Stephen Leslie (bj’’ inAutation), George H. Stueck, Jr. (by inAuta- 
tion), Mary E. Dumm and Bertram Laken (by invitation). 

From The Laboratories of the Department of Medicine, New York UnNersity 
College of Medicine. 

The method of extracting the anti-diuretic substance from urine has been modified 
as follows: 24-hour urine samples diAuded in aliquots of 200 cc. contained in Visking 
cellulose casing (36/32 Nojax) were dialyzed for two hours against 3 changes of distilled 
water. The N and Cl concentration of the urine decreased during dialysis to less than 
10% of the original level. The urines were concentrated about 25 times, pooled, and 
chromatographed, using a permutit column, which was eluted first with distilled water 
and then with 5% NaCl in 1 M acetic acid. 

Na, Cl, N and arginine were determined in the eluates. Anti-diuretic activity was 
estimated by the bioassay method of Burn. No significant anti-diuretic activity was 
present in the distilled water eluates. Howermr, large amounts of A. D. S. were found in 
the NaCl-HAc eluates. 

The urine chlorides were determined during the period of bioassay and compared to 

* This research aams aided by a grant from the United States Public Health SerAo'ce, 
Research Grants Division. 
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1. Piperido-metliyl-benzodioxane (933-F): Some Pharmacological and Experimental 

Observations. 

Evan Calkins (by invitation), George AY. Dana (by invitation), J. C. Seed (by 
imitation) and John Eager Howard, ^I.D. 

From the Department of Medicine, The Johns Hopkins University and the Army 
Chemical Center, Edgewood, Alarj-land. 

Piperido-methyl-benzodioxane (933-F) reversibly opposes the pressor and most of 
the other eBects of epinephrine and allied compounds by competition for the epinephrine- 
specific receptor substance. Comparison of the formulae of the benzodioxanes, j-ohim- 
bine, and the other reversible epinephrine inhibitors indicates that all these substances 
have the C-O-C-C-N group in common. Dibenamine, however, which irreversiblj* blocks 
the pressor action of epinephrine, lacks the oxj-gen atom in this group. It presumably com- 
bines chemicallj' with the receptor substance at this point. 

Sharp reduction in blood pressure following the intravenous injection of approxi- 
mately 20 mg. of 933-F has been reported in 4 cases of pheochromoc}*toma. The present 
authors find similar responses, not only in a patient with pheochromocj-toma, but also 
in a patient with neuroblastoma. Both patients were relieved of their hj-pertension fol- 
lowing surgical removal of the tumors, although in the second case the hj-pertension re- 
turned with the development of liver metastases. 

The blood pressure responses and side effects following administration of 933-F to 
over 100 patients with hj'pertension from other causes are described. In none of these 
was there a significant fall in blood pressure or any other iU effects. 933-F appears to pro- 
■i’ide a safe and effective clinical test for an excess of circulating epinephrine or epineph- 
rine-like substance. 
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other although the BMR was normalized. Thyroid hormone and TSH were present in 
excess in acromegaly. Normal sera possessed thyroid hormone activity with either mini- 
mal or no TSH present. 

The results show that fluctuations in the thj'Toid-thyrotropic'hormone balance char- 
acterize the circulating fluids in thyroid and pituitary gland disturbances, and that these 
can be detected in the tadpole with as little as 0.35 cc, of untreated serum. 

6. Estimation of Urinary Gonadotropin of the Nonpregnant Human by the Mouse 
Uterine Weight and Ovarian Hyperemia Responses. 

Charles W. Lloyd, Muriel Morley (by invitation), Kathryn Morrow (by invita- 
tion), Julia Lobotsky (by invitation) and Edward C. Hughes (by invitation). 

From Syracuse University College of Medicine, Syracuse 10, New York. 

A study has been made of urinary excretion of material capable of causing ovarian 
hyperemia when injected into immature mice. Mouse uterine weight assays were per- 
formed on the same specimens. The material producing ovarian hyperemia is considered 
to be either luteinizing hormone or luteotropin. The uterine weight assay is thought to 
estimate total gonadotropin excreted. 

Normal women excrete at all times uterine weight-increasing and ovarian hyperemia- 
producing materials, with a moderate increase in total gonadotropin and a proportion- 
ately much greater increase in h 3 ''peremia-producing material at ovulation. Less 
hyperemia-producing material is excreted bj' normal men. 

Female castrates excrete large amounts of total gonadotropin and small amounts of 
hyperemia-producing material. Estrogen therapj'- causes a reversion toward the normal 
pattern with production of large amounts of hyperemia-producing material. 

The urine of castrate males contains large amounts of total gonadotropin and hy- 
peremia-producing material. Androgen therapy causes decrease of hyperemia-producing 
material to normal levels and estrogen therapj’- does not increase excretion of this sub- 
stance. A patient with lOinefelter's s 3 mdrome had high total gonadotropins but normal 
hyperemia-producing material. 

It is suggested that fundamental differences exist in function and secretory control 
between the anterior pituitaries of adult human males and females. 

7. Further Studies of Antigonadotropin Formation in hlan. 

James H. Leathern and A. E. Rakoff. 

From the Bureau of Biological Research, Rutgers University, New Brunswick, 
N. J. and the Department of Obstetrics and Gynecology and the Endocrine Divi- 
sion, Jefferson Medical College and Hospital, Philadelphia. 

Of 42 patients treated with a combination of sheep anterior pituitary and chorionic 
gonadotropin (Synapoidin), 5 developed antihormones. All were patients with functional 
menstrual disorders. The antiserum was nonspecific in that it antagonized the go- 
nadotropic action of chorionic gonadotropin and pregnant mare serum. 

Equine pituitary gonadotropin (Squibb) studies have been extended to 26 patients, 
12 of whom developed antihormones. The gonadotropin was usually administered in 50 
unit dosages two to three times weekly but for only two weeks of each month in females. 
Unlike the antisera obtained from rabbits treated with equine pituitary, the anti- 
gonadotropic action of human serum is not specific. The human anti-equine pituitary 
sera counteracted the gonadotropic action of pregnant mare serum in 8 of 8 cases, of 
chorionic gonadotropin in 7 of 8 cases and of sheep pituitary plus chorionic gonadotropin 
in 2 of 6 cases. The action of human pituitary material was not influenced. In 3 cases no 
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the urine chlorides following the injection of commercial pitressin in doses of equivalent 
anti-diuretic activity. Although the eluates had a marked anti-diuretic effect, the chlo- 
ride concentration was not increased (16-21 mEq./L.), whereas commercial pitressin had 
a marked chloruetic effect (42-112 mEq./L.). 

4. A Method for the Assay of Prolactin in Human Urine.* 

Richard L. Coppedge (by invitation) and Albert Segaloff. 

From the Departments of Physiologj’ and ^ledicine of Tulane Universitj* and The 
Alton Ochsner Medical Foundation of New Orleans, Louisiana. 

Prolactin is extracted from 24-hour urine specimens by acid-alcohol precipitation and 
dialysis against 0.5% saline. Assay by the local method of Lyons, as modified b}' Hall, 
is not entirely satisfactory because the prolactin response is often obscured b 5 " a non- 
specific inflammatory reaction. Systemic assa}', employing our intravenous method, gives 
results which correlate satisfactoriU' with those of local assay. In both methods, pigeons 
are injected daily for four daj's and sacrificed on the fifth day and the crop observed. 

Local assays on 4 normal women revealed a urinary prolactin excretion (as I.U./24 
hrs.) in the first subject of <25; in a second, on 3 specimens, (1) <50 and 20, (2) 25 and 
20, (3) >25 <50; in a third, on five specimens, (1) 100, (2) 100, (3) 60, (4) <50, (5) >50 
<100 (S7 by intravenous method); and in a fourth, >25 <100. One normal male showed 
values of 50 and 100, and another >50 <100. 

Local assay of urines with added prolactin reveal values proportional to the amount 
of hormone added. 

Assays have been made in patients with breast carcinoma, chronic cystic mastitis, 
fibromyomata uteri, endometriosis, precocious puberty, pituitarj* tumor, Cushing’s sjm- 
drome (adrenal carcinoma) and pre- and post-partum. As j’et, the level of prolactin e.x- 
cretion cannot be definitel}' correlated with the pathologj* or with other endocrine 
assaj's. 

5. ThjTotropic and Thyroid Hormone Assay of Normal and Pathologic Human Sera 
in the Stasis Tadpole. 

S. A. D’Angelo, A. S. Gordon, K. E. Paschkis and A. Cantarow. 

From the Department of Biologj', Washington Square College of Arts and Science, 

New York Universit}* and Jefferson iMedical College, Philadelphia, Pa. 

It has been demonstrated previously that the stasis (starved, non-metamorphosing) 
tadpole is a sensitive test object for the detection of th}Totropic hormone and thjTOxine, 
and that the resulting metamorphosis with either agent can be differentiated by direct 
examination of the thjToid in the test animal (D’Angelo, Gordon, and Charipper, Endo- 
crinology 31: 217, 1942). The present experiments indicate that the method can be used 
to determine the status of thjToid-thjTotropic balance in the blood of normal individuals 
and those with endocrine disorders. Five to seven injections of 0.5 cc. of rmtreated serum, 
given on alternate days, advanced metamorphosis in the test animal. Correlation of the 
developmental changes with presence or absence of thjToid gland activation revealed 
that the thjToid-TSH equilibrium in the blood is shifted in endocrinopathies. In hj-po- 
thjToidism (2 cases) serum was high in TSH but low in thyroid hormone. In thjTotoxic 
patients (2 cases) thjToid hormone was high with no TSH detectable. TSH was high 
in the blood of euthj-roid individuals with moderate or severe ophthalmopathy (2 cases). 
Thjwoid medication reversed the th 3 Toid-TSH balance in one patient but failed in an- 

* This work was supported in part bj' a grant from the National Institute of Health and 
in part bj’ a grant from the National Research Council, Committee on Endocrinology. 
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10. Regulation of Pituitary Adrenocorticotropic Activity by Adrenal Cortical Hor- 
mones. 

Chi-Ping Cheng (introduced by George Sayres). 

From the Department of Pharmacology, University of Utah College of Medicine, 

Salt Lake City, Utah, 

The content of adrenocorticotropic hormone (ACTH) in the pituitary of the rat is re- 
duced to 20% of normal 24 hours after adrenalectomy. In animals with intact adrenals, 
nonspecific stress (scald, shamadrenalectomy) reduces the ACTH content of the pitui- 
tary by 50%. Pretreatment of adrenalectomized rats Avith desoxj'^corticosterone acetate 
(DCA) prevents the depletion which folloAVS adrenalectomy (pituitary ACTH content, 
43% of normal). The results lend additional support to the concept that pituitary 
adrenocorticotropic acthdty is regulated by the level of cortical steroids in the bod}'’ 
fluids. 

DCA in the adreno-demedullated rat produces a state of insulin hypertension which 
can be corrected by the concomitant administration of whole adrenal cortical extract. 
DCA elevates plasma sodium and decreases the excitability of the central nervous sys- 
tem; neither phenomenon occurs in rats given ACTH or whole extract of the adrenal 
cortex together Avith DCA. These results maybe interpreted to mean that DCA inhibits 
the release of ACTH from the pituitary and depresses the endogenous production of 
cortical hormones; a steroid hormone imbalance deA’’elops Avhich is characterized by an 
excess of DCA (salt regulating) and a deficiency of the carbohydrate regulating steroids. 

11. Adequacy of Pituitary Adrenocorticotropic Function in Nutritional Deficiencies. 

George Sayers. 

From the Department of Pharmacology, University of Utah College of Medicine, 

Salt Lake City, Utah, 

Two indices have been employed to appraise the functional actiA'ity of the pituitary- 
adrenal system of rats Avith chronic malnutrition (low-protein diet). Content of adreno- 
corticotropic hormone (ACTH) in the pituitary AA'as measured by direct assa}'-; rate of 
release of ACTH, by adrenal size and chemistry. Malnourished rats had approximately 
the same large pituitary store of ACTH as normal rats. The adrenals of the low-protein 
rats were smaller than normal and had a greater concentration of cholesterol, indicating 
reduced adrenal cortical activity, probably in response to reduced bod}'- need for cortical 
steroids. After scalding, the content of ACTH in the pituitary at 24 hours was reduced 
approximately 50% in both groups. The content was restored to normal in both groups 
at 48-72 hours, despite continued ACTH discharge. The capacity to discharge ACTH 
was not appreciably altered in the malnourished rats as judged by the increase in size 
of the adrenals and the reduction in adrenal cholesterol and ascorbic acid after scalding. 
Malnutrition affects the functional capacity of the pituitary-adrenal system only 
slightly; this is in contrast with its marked effect on the pituitary-gonad system. 

12. Effects of Prolonged Adrenal Cortical Stimulation upon Free and Esterified Serum 
Cholesterol in Normal Men. 

, Jerome W. Conn, and William C, Vogel (by invitation). 

Ann Arbor, Michigan. 

In 3 separate experiments upon 2 normal men, 56 duplicate determinations of free 
and ester cholesterol (Shoenheimer-Sperry technic) were made upon the sera before, 
during and after a course (6-8 days) of large amounts of ACTH. The response was as 
follows: 1) A mild decrease of the ester fraction on the second day of ACTH AVith no 
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anti-equine pituitary action was obtained but the same sera nullified the gonad stimulat- 
ing action of pregnant mare serum. 

S. The Evaluation of the Use of Anterior Pituitary Extract in the Treatment of Pitui- 

tarj' Dwarfism. 

Joseph C. Edwards, Cecil M. Charles (by invitation) and CjtU M. MacBryde. 

From the Department of Internal Medicine, Washington Universit}' School of 

IMedicine, Saint Louis, Mo. 

Eleven patients with pituitary dwarfism were studied and treated for periods ranging 
from one to six years. Control periods were employed before and at intervals during 
treatment with a pituitary extract containing the growth principle. 

Method of Study: — After preliminarj' periods of study with accurate anthropometric 
measurements each of the 11 patients was given "Phyone” (Wilson) pituitary extract 
which contains both growth and thyrotropic factors. Graduated doses increasing up to 
2 cc. thrice weekly were continued for two to six months with control intervals without 
treatment. Eight of the patients were given no thjToid, androgen or estrogen during 
their observations on pituitary extract treatment. 

Results: — The height of onlj' one of the 11 patients exceeded at the end of treatment 
the minimum normal for his age. The normal growth curves for boys and girls are shown 
in the same scale as the growth curves of this group, for comparison. Our patients failed 
to show an increase in stature or weight so definite that it could be attributed to the use 
of growth extract “Phyone” alone. In the treatment of dwarfism due to primar}' hypo- 
pituitarism, pituitary extract therapy alone is, at present, unsatisfactory. Failure to 
obtain a growth response in human beings has recently been demonstrated not onlj' with 
the commercially available products but also with relatively large doses of the pure 
growth principle. The lack of response maj' result from interfering factors in patients or 
from inadequate amounts of the growth principle in the preparations administered. 

9. On the Inability of Adrenocorticotropic Hormone or Epinephrine to Deplete the 
Ascorbic Acid of the Chick Adrenal. 

Norman F. Boas (bj"- in-vitation) and Joseph W. Jailer. 

From the Endocrine Section of the iMedical Ser\'ices, and the Chemical Laboratory 
of The !Mount Sinai Hospital, New York. 

Long, Saj'ers, and their collaborators have demonstrated that the administration of 
ACTH results in a prompt fall in adrenal ascorbic acid and cholesterol. Exposure of 
animals to stress {e.g., epinephrine, histamine, cold) also results in a decrease in adrenal 
ascorbic acid and cholesterol in the normal, but not in the hypophj'sectomized rat. In 
the light of these observations it has been proposed that the depletion of ascorbic acid 
is an index of the elaboration of adrenal corticosteroids. This fall in adrenal ascorbic 
acid has been demonstrated in the rat and guinea pig. We have absented that such is not 
the case in the chick. The adrenals of YTiite Leghorn cockerels from 2 to 41 da 3 ''s of age 
were examined. Shortly after hatching, the ascorbic acid concentration of the adrenals 
was 117 mg. %. This increased to a maximum of 201 mg. % at 41 daj^s, in roughlj" a 
straight line curve. Following the administration of 25 mg. of ACTH (33rd and 41st 
daj's) and epinephrine (14th, ISth, and 41st daj's), no alteration in the adrenal ascorbic 
acid content or concentration was produced. The implications of these obser\'ations are 
discussed. 
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new carbohydrate, other than from tlie tissues or injected protein, determined whether 
protein catabolism would be stimulated by ACE. In the present investigation the need 
for new carbohydrate was accentuated by insulin hypoglycemia. It was found that in- 
sulin produced a small increase in urea formation in the first three hours and a larger 
increase in the second three hours after injection, but when preceded by two hours by 
1.0 ml. of ACE per 100 grams body weight a three to four fold increase in urea formation 
occurred during the first three hours compared to animals receiving ACE or insulin 
alone. Prevention of insulin hypoglycemia by glucose completely abolished the increase 
in urea formation. The significance of these findings with respect to the mechanism of the 
protein catabolic action of the adrenal cortex and the possible role of stress per se in this 
phenomenon is considered. 

15. Renal Function in Normal and Adrenalectomized Rats Following Saline or Adrenal 

Steroid Administration. 

W. R. Boss (by invitation), James H. Birnie and Robert Gaunt. 

From the Department of Zoology, Syracuse University, Syracuse, N. Y. 

Studies of renal function in untreated adrenalectomized rats indicating that decreased 
glomerular filtration maj'' contribute to the loss of water diuresis, but that an increase in 
tubular reabsorption is probably a more important factor, have been reported by the 
authors. 

Creatinine clearance studies were conducted on female normal and adrenalectomized 
rats weighing approximatelj'’ 175 grams. Sixty-three rats divided between the various 
groups studied were used in this investigation. The glomerular filtration rate (C-Cr) of 
normal rats given two doses of water (3 cc./lOO sq, cm. body surface/dose) by stomach 
tube was .956 cc./lOO Gm, /minute and the urine flow (V) was .062 cc./lOO Gm. /minute. 
In rats adrenalectomized for seven days and maintained on a 1,0 per cent saline solution as 
drinking fluid the C-Cr was .738 and the V was .007. Rats adrenalectomized for seven 
days and maintained by daily subcutaneous injections of 0.5 mg. DCA had a C-Cr of 
.844 and a V of ,018. These results indicate that while saline (as found b}' Lotspeich) or 
DCA will maintain essentially normal glomerular filtration in adrenalectomized rats 
the urine volume remains far below normal, presumably due to an elevated tubular re- 
absorption of water. 

When 5.0 mg. of DCA was administered to intact rats the C-Cr was ,900 and the V 
.077. Following the oral administration of 4 cc. of cortical e.\'tract (Upjohn) to intact 
rats the C-Cr was .993 and the V .076. The increase in the rate of urine flow without an 
accompanying rise in glomerular filtration in overdosage e.xperiments is interpreted as 
indicating that these adrenal steroids cause a decrease in the tubular reabsorption of 
water. Our work with DCA confirms that of Winter and Ingram in dogs. 

16, Adrenal Cortical Hormone in Blood. 

K. E. Paschkis, A. Cantarow and D. Boyle (by invitation). 

From Jefferson Medical College, Philadelphia, Pa. 

Levels of adrenal cortical hormone were determined in the blood of dogs, using the 
mouse-liver-glycogen method of E. Venning. Small amounts of hormone were present in 
the arterial plasma of normal dogs. Injection of ACTH or of epinephrine caused a prompt 
rise of hormone levels. 

A rise also occurred after subcutaneous injection of formalin (alarming stimulus). 
Intravenous injection of insulin was followed by an increase of cortical hormone levels, 
suggesting the participation of cortical hormone in counteracting insulin-induced hyper- 
glycemia. 
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change of free cholesterol, 2) Beginning on the third day and becoming more intense 
with time, a sharp fall of the ester fraction (maximal fall 77 mg. % or 45% below base- 
line), 3) During this same period, a fall of free cholesterol (max. 17 mg. % or 2S% below 
baseline), and 4) Upon cessation of ACTH, prompt rebound of free cholesterol to or 
above the baseline value (1-2 days), whereas it required six da^'s of gradually increasing 
values before the ester fraction returned to baseline. 

Although two less likely explanations e.vist, we interpret the data as indicating 1) 
that under forced stimulation of the adrenal cortex the blood constitutes an important 
source of material forsjmthesis of cortical steroids, 2) that esterified cholesterol is the im- 
mediate precursor of the steroidal hormones, and 3) that increased cholesterol synthesis 
can more easily keep pace with the increased need for this basic compound than can the 
process by which it is esterified. 

13. The Possible Involvement of the Adrenal Cortex and Thyroid in Mobilization of Fat 

to the Liver. 

Louis Levin. 

From the Department of Anatomy, College of Phj'sicians and Surgeons, Columbia 

University, New York, N. Y. 

Prenous work has demonstrated that marked increase in the liver fat level may be 
induced in mice b}' administration of suitable pituitary extracts or by subjection to some, 
but not all, physical stresses. The present work consists of experiments attempting to 
elucidate the mechanism whereby liver fat is so rapidly mobilized. 

Mice adequately treated with thiouracil respond to stress equalh- as well as do un- 
treated mice, indicating that thjToidal acthntj' is not necessary for liver fat mobilization. 
Crude pituitarj- extracts or pure adrenotropic hormone (Armour), though very effective 
in causing fat mobilization in intact or in shamadrenalectomized mice, are completel}* 
inactive in this respect in adrenalectomized mice. Adrenalectom}*, without further treat- 
ment, results in slight loss of liver fat. Exposure of adrenalectomized mice to physical 
stress does cause a slight increase in liver fat content but the increase is of much smaller 
magnitude than that elicited by similar treatment of intact animals. 

Adminutration of 17-hj'droxj'corticosterone, 11-dehydrocorticosterone and 11-de- 
sox^'corticosterone to adrenalectomized mice causes a slight increase in the reduced liver 
fat level but never enough to surpass that of untreated intact mice. 

Bile secretion in mice is apparently completely inhibited bj' adrenalectomj* but maj' 
be re-induced bj' treatment with suitable adrenocortical steroids. 

2:00 P.M. J. S. L. BHOWXE, PRESIDING 

14. Stimulation of Nitrogen Metabolism by Adrenal Cortical Extract During Insulin 
Hypogl 3 'cemia. 

Frank L. Engle. 

From the Department of Medicine, Duke Universit}^ School of ^Medicine, Durham, 

N. C. 

In pre-vious studies it has been shown that the rate of urea formation in the nephrec- 
tomized rat could be used as a sensitive measure of the rate of protein catabolism during 
brief periods of observation. It was found that adrenal cortical e.xtract (ACE) increased 
urea formation, this increase being prevented bj' intravenous glucose or amino acids 
two hours after the ACE but not bj' a fat emulsion or serum albumin similarlj' adminis- 
tered. E^'idence was presented that the action of ACE was on protein breakdown rather 
than on deamination of amino acids. It was suggested that the availabilitj' of sources of 
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19. Clinical and Metabolic Changes in Addison’s Disease Following the Administration 
of Compound E Acetate (11-dehydro, 17-hydro,\y-corticosterone acetate). 

P. H. Forsham (by invitation), L. L. Bennett (by invitation), M. Roche (by in- 
vitation), R. S. Reiss, A. Slessor (by invitation), E. B. Flink (by invitation) and 
G. \Y. Thorn. 

From the Department of Medicine, Harvard Medical School and the Medical 
Clinic, Peter Bent Brigham Hospital, Boston, Mass, 

Fourteen patients with Addison’s disease were treated with synthetic Compound E 
acetate, administered as a cr 3 '’stalline suspension in water, supersaturated suspension in 
oil and pellets. Striking clinical improvement followed the injection of 50 to 100 mg. of 
Compound E daily for two to six da 3 ’-s and was sustained for several months in all 5 
patients implanted with five to ten 50-mg. pellets. Absorption averaged 0.5 mg. per 
pellet per da 3 ^ The most striking metabolic changes observed consisted of a return 
towards normal of the electroencephalogram, an increased uptake of radioactive iodine 
bj’' the tliju-oid, a transient rise in fasting blood ketone bodies m’tli an increased capacitj'' 
to tolerate a 24-hour fast, and a small, but definite, retention of sodium and chloride in 
the absence of supplementarj'- desoxj’-corticosterone treatment. On deso.xycorticosterone 
a paradoxical loss of sodium and chloride occurred. 

A small rise in blood sugar levels was accompanied bj’’ a decrease in urinary inorganic 
phosphorus and creatine excretion. Increase in uric acid excretion, with little or no in- 
crease in total nitrogen excretion occurred. Circulating eosinophils were depressed. 
Urinary 17-ketosteroids increased slightly; 11-oxysteroids did not. 

20. Effect of a Single Dose of Desoxj'-corticosterone Acetate on Electrolyte Metabolism. 

Paul Fourman* (bj'’ invitation), Edwin J. Kepler,** Edward C, Reifenstein, Jr. 
and Eleanor F. Dempsey (bj'- invitation). 

From the Department of Medicine, Harvard Medical School, the Medical 
Service of the Massachusetts General Hospital, Boston, Massachusetts; and the 
Department of Medicine, Mayo Clinic, Rochester, Minnesota. 

A normal, 24-year-old, 70 Kg. man was put on a dail}’- intake of 300 ml. of water, 3 
Gm. of NaCl, 1 Gm. of KCl and 500 Gm. of glucose, given in 12 two-hourly aliquots. 
Four experiments were done, two control and two with 30 mg. of deso.xj'-corticosterone 
acetate (DOCA) injected. Urine was collected in 9 two-hourly and then 4 si.x-hourlj'’ 
periods and the excretion of K, Na, Cl, P, Ca, N, NHj and titratable-acidity-minus-C02 
was measured. For the 40-hour collection period the DOCA effect was as follows: 


Metabolite 

Effect 

Amount 

K 

Loss 

15.4+ 3.5 mEq. 

Na 

Retention 

50.5 ± 5.3 mEq. 

Cl 

Retention 

39.2 + 5.9 mEq. 

Ca 

Retention 

44.9 ±10.0 mEq. 

There was no significant effect on 

N, P, NHs, 

or titratable-acidity-minus-COa. 


For the positive effects the following relations obtained : 
inEq. Na retained 

= (mEq. Cl retained) Xl .00 +0 .03 
-f-(mEq. K lost) XO. 76 ±0.08 


* Rockefeller Traveling Fellow. 

** Deceased. 
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Attempts were made to determine whether the output of adrenal cortical hormone 
was mediated by epinephrine and could be prevented bj' adrenergic block. Injection of 
dibenamin was found to be an alarming stimulus, leading to an increase in blood levels of 
cortical hormone. Insulin as well as formalin induced a further rise. 

17. Urinary Corticoids. 

Eleanor H. Yenning, M. P. Ripstein (by invitation) and Y. E. Kazmin (by imd- 
tation). 

From McGill Univcr.«ity Clinic, Royal Yictoria Hospital, Montreal, Canada. 

In the following studj* a comparison of two chemical methods and a biologic assay 
for urinary corticoids has been made on urine collected from both normal and pathologic. 
The chemical methods used were based upon 1) the reduction of cuprous ion to cupric 
ion, and 2) the formation of formaldehyde followng periodic acid oxidation. The}- 
were carried out on the same urinary fraction, the water soluble neutral corticoid frac- 
tion. The biologic assaj' which is dependent upon the deposition of glycogen in 
livers of adrenalcctomized mice, was done on the total neutral corticoid fraction. The 
same standard, dehydrocorticosterone, was used for all assays. 

In most of the normal cases, the reduction method gave higher values than the o.xida- 
tion method. Greater variations were encountered udth the reduction method than with 
the oxidation method. 

In 9 cases, in which the biologic assaj* was below the normal range, uith the excep- 
tion of 2 cases, the values obtained by the chemical methods were also low. These patients 
.suffered from pituitarj* tumors, Addison’s disease, mj'xedema and malnutrition. 

In 5 different lots of pooled urine collected postoperatively from patients, there was 
considerable disagreement between the biologic and chemical assaj*. 

A studj* was also made on the effect of pH, and time, on the hj*drolj*sis of urinarj* 
corticoid conjugates in urine. 

IS. Studies on the Interrelationsliip of Adrenal and ThjToid Function. 

Robert S. Reiss, Peter H. Forsham (bj* im"it3tion) and George Thom. 

From the Department of IMedicine, Har\*ard iMedical School and the Medical 
Clinic, Peter Bent Brigham Hospital, Boston, iMass. 

In S patients with Addison’s disease the somwhat low gradients of radioactive iodine 
uptake, as measured bj* the method of Astwood and Stanlej*, following the oral admin- 
istration of 100 me. of I“h were increased up to fourfold following the intramuscular in- 
jection of sj'nthetic Compound E acetate (50 to 100 mg. per daj*) and Lipoadrenal 
Cortex (4 to 6 cc. per daj*). This effect was maximal after two to three daj*s and decreased 
therafter. No such effects were observed in a case of panhj*popituitarism. 

The simultaneous administration of 0.3 mg, of epinephrine and P’* to 5 normal sub- 
jects led to an increased rate of iodine uptake bj* the thj'roid, maximal after three to 
four hours coincidentally ■with the greatest depression in circulating eosinophils, kno'wn 
to be an indicator of adrenal cortical hormone secretion. Both responses were absent in 
a patient ■with panhj*popituitarism who did show a positive response to thjwotropin and 
adrenocorticotropic hormone. Patients ■with Addison’s disease failed to show either thj*- 
roid or adrenal cortical activation follo^wing 0.3 mg. of epinephrine subcutaneouslj*. 

It is suggested that certain adrenal cortical hormones facilitate the release and/or 
action of thjwotropin. 
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with Addison’s disease showed little or no change in these constituents. It is concluded 
therefore that the changes which follow ACTH administration may serve as criteria for 
the evaluation of adrenocortical reserve. 

Ten patients with pituitary tumors were similarly studied. Their response to ACTH 
was variable. In general they fell into two groups: those whose response was normal, 
and those whose response was abnormal by one or more of the criteria employed. The 
effect of the removal of the tumor on the response to ACTH in 4 patients is presented. 

23. The Level of Circulating Eosinophils as an Indicator of Adrenal Cortical Adequacy 
Following Major Surgery. 

Marcel Roche (by invitation), A, Gorman Hills (by invitation) and George W. 

Thorn. 

From the Department of Medicine, Harvard Medical School and the Medical 

Clinic, Peter Bent Brigham Hospital, Boston, Mass. 

Earlier studies demonstrated the depression of circulating eosinophils following an 
increase in adrenal activit 3 ^ In 43 patients, following major surgery, the level of eosino- 
phils fell from normal (100 to 200/cu.mm.) to, or near, zero in all except 1 patient five 
to fifteen hours postoperatively. In this patient, fifteen hours following a colostomy for 
malignancy, the level of eosinophils was 296. At autopsy unsuspected bilateral adrenal 
tuberculosis was demonstrated. 

Following operation, the eosinophils returned to or above preoperative levels within 
three to five days in most instances. At this time a fall in eosinophil level, in response to 
the administration of 25 mg. of standard adrenocorticotropic hormone intramuscularly, 
or 0.3 mg. of epinephrine subcutaneously, suggests that the postoperative rise in eo- 
sinophils is associated with a restoration of normal adrenal cortical reserve. It is sug- 
gested that, in patients with complicated postoperative convalescence, adrenal cortical 
insufficiency may be ruled out by finding an initial eosinopenia or observing a satisfactory 
response to ACTH or epinephrine. 


24. Is the Protein Metabolic Abnormality of Cushing’s Syndrome Catabolic or Anti- 
Anabolic?* 

Sheldon Margen** (by invitation), Laurance W. Kinsell, Erin K. Flanagan (by 
invitation), Lila E. Suiter (by invitation) and Elliot Rapaport (by invitation), 
with the technical assistance of Vernon T. Thompson. 


From the Division of Medicine, University of California Medical School and the 
Metabolic Research Unit, U. S. Naval Hospital-University of California Medical 
School, Oakland and San Francisco, California. 


S^Mabeled-methionine in tracer dosage was administered intravenously to a 39-year- 
old female with active Cushing’s disease, referable to a large tumor of the left adrenal 
gland. The incorporation of S’® in plasma protein, tissue protein, total urinary sulfate 
and urinary organic sulfur was determined during the period of study. 

Results show that the initial incorporation of S’® into the plasma proteins occurs at 
a more rapid rate than in the normal. In the first 48 hours there is no greater urinary 
excretion of organic S’® (S’®-labeled-methionine) or S ’®04 (catabolized labeled methio- 


* This work was supported bj’’ grants from the Research Division, Bureau of Medicine and 
Surgery, U. S. Navy (BuMed #007046), and from the Office of Naval Research under a con- 
tract between the latter and the University of California. , r, , . r, < 

** Senior Research Fellow, U. S. Public Health Service, 1947-48; and Schenng Research 
Fellow in Endocrinology, 1948-49. 
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niEq. C:i retained 

>=(mEq. Cl retained) XO. 74 ±0.15 
+ (inEq. K lost) X 1.19 ±0.41 

Sodinin retention was limited by the amount available, and the portion of retained 
sodium that aecompanied chloride was le.«s than the amount of sodium normally found 
with chloride in e.\tracellular fluid. Some sodium entered the cells, replacing potassium 
but less sodium entered than potassium left. Calcium retention was correlated with po- 
tassium loss indei)cndonlly of calcium retention due to increase of chloride space. 

21. Changes in Urinary Steroids Produced by Sodium Deprivation and by Deso.xycor- 
ticostcronc Acetate Administration. 

'William II. Daughaday (by invitation) and Cj'ril M. MacBrj'de. 

From the Dejiartment of Internal Medicine, AVashington University iMedical 

School, St. Louis, Mo. 

If sodium rcabsoriition by the renal tubule is under intimate regulation bj’’ the 
adrenal cortex, it should be possible to detect changes in the excretion of adrenal metabo- 
lites under conditions of excess or deprivation of dietary sodium. Daily determinations 
of the urinary excretion of “cortin,’’ (measured b 3 ' liberation of formaldehj'de from 
steroid residues, J. Clin. Endocrinol., 8: ICG, 194S) and of 17-ketosteroids were done in 
3 case studies over periods from one to two months with varied sodium intake and dur- 
ing the daih* intramuscular administration of 10 and later 15 mg. of deso.X3xorticosterone 
acetate (DCA). Changes in steroid excretion were considered in relation to measured 
alterations in electroh'teand water balance. A woman with Cushing’s S 3 Tidrome showed 
elevated excretion of cortin and 17-ketosteroids with explosive and C 3 xlic changes in the 
levels independent of sodium intake. Decreased e.xcretion of 17-ketosteroids but not of 
cortin occurred during DCA administration. In 2 women with h 3 'pertension but without 
significant renal disease extreme sodium restriction did not result in increased urinar 3 ' 
cortin. During DCA administration cortin excretion increased in one case, but was un- 
changed in the other. 

Conclusion: Release of adrenocortical “salt hormone’’ is apparentl 3 ’^ independent of 
ACTH and 1 l-ox3-3teroids, and in these doses DCA does not inhibit ACTH liberation 
and cortin excretion. 

22. The Evaluation of Adrenocortical Function b 3 '- Ascertaining the Response to a Single 
Injection of Adrenocorticotropin. 

H. W. iMcIntosh (b 3 ' imdtation), B. Singer (b 3 ’ imitation) and M. AI. Hoffman. 

From AIcGill Universit 3 ’' Clinic, Ro 3 'al Aictoria Hospital, Montreal, Canada. 
Normal individuals, patients with Addison’s disease and patients with pituitar 3 ’- tu- 
mors were studied in the following manner: control urine was collected from 12 midnight 
to S a.m. At this time an amount of ACTH equivalent to 21 mg. of the Armour standard 
was injected intramuscularl 3 ’- ^md urine collected during the subsequent si.x hours. The 
concentrations of uric acid, potassium, chloride, 17-ketosteroids and neutral reducing 
substances present in the control and post-injection urines were determined and the re- 
sults expressed in relation to the creatinine concentration. The number of circulating 
eosinophils was determined before and four hours after the injection of ACTH. 

In the 10 normal subjects there was, following the administration of ACTH, an in- 
crease in each of the urinar 3 '^ constituents studied of from 50 to 350%. The 5 patients 
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certain females with Cushing’s syndrome; thus it presumably can inhibit production of 
ACTH by the pituitary. 

The data support the conclusion that testosterone has both a direct anabolic effect 
on tissue and an inhibitory effect on the pituitary in Cushing’s syndrome. 

SATURDAY, JUNE 4, 1949 
9:00 A.M. — E. A. noisy, peesiding 

27. Metabolism and Distribution of Thiourea in the Rat as Measured with Radioactive 
Sulfur. 

John Schulman, Jr. and Richard P. Keating (introduced by Rulon W. Rawson). 

From the Los Alamos Scientific Laborator}^, Los Alamos, New Me.vico. 

Thiourea labelled with S^® was injected intraperitoneally into young albino rats. The 
excretion and tissue distribution were measured at 6, 24 and 4S hours. Three animals 
were used at each time interval. 

More than 98% of the radioactivity was excreted in the urine \vithin 48 hours. Filter 
paper chromatography indicated that most of the thiourea was excreted unchanged. 
Chemical analysis showed that contrary to earlier reports 6% was excreted as inorganic 
sulfate and 6% as ethereal sulfate. Fecal excretion was slight. Traces of radioactive sulfur 
were found in the expired air. 

The highest concentration of radioactive sulfur was found in tJie thyroid gland, reach- 
ing a maximum of 3.5% of the injected dose per gram of thyroid at 24 hours. The ratio 
of the concentration in the thyroid to the average concentration in the body rose from 
11 : 1 at 6 hours to 37 : 1 at 24 hours and to 90 : 1 at 48 hours. 

This rising ratio suggests that thiourea is bound in the thyroid gland. 

28. The Tracer Technique with Radioiodine I‘®‘ as a Potential Substitute for the Basal 
Metabolic Rate Determination in Routine Clinical Practice. 

Sidney C. Werner, Lawrence D, Goodwin and Edith H. Quimby. 

From the Departments of Medicine and Radiology, College of Physicians and 

Surgeons, Columbia University and The Presbyterian Hospital in the Citj?^ of New 

York. 

A simple test to replace the basal metabolism has long been desired, in view of the 
inherent inaccuracies in the method and the effect of subjective influences upon the re- 
sult. Accordingly, a large scale experiment has been instituted at the Presbyterian Hos- 
pital to compare the uptake of radioiodine with the basal metabolic rate in all ward 
patients on whom a determination of the latter has been requested. 

The results in about 200 patients have been summarized: first, the number of patients 
in whom the basal rate determination could not be done or was apparently unreliable, 
and the number who could not be tested with radioiodine because of immediately pre- 
ceding iodide or thyroid ingestion, etc.; second, the accuracy of the two procedures 
as a reflection of the final diagnosis; third, cost, speed of testing, technician capacity, 
and incidence of unexpected difficulties. 

It is suggested that consideration should be given to the replacement of the basal 
metabolism as a screening procedure for thyroid dysfunction. The basal metabolic rate 
would be determined only if an abnormal tracer uptake were found, when the tracer 
value appeared discrepant, or when the course after treatment was being followed. 
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nine) tiianin tlic normal. Tlicscdata therefore demonstrate that there is no primary ana- 
bolic defect in Cushing's syndrome; in fact there would appear to be a hyperanabolism 
which docs not, however, compensate for the excessive catabolism that must occur. In- 
corjioration of S^ into the protein of tissues obtained at the time of operation and autopsy 
is discussed. 

25. Hypokalemic Alkalosis in Cushing’s Syndrome. Observations on the Effects of 

Potassium Chloride and Testosterone Propionate Therapy. 

Robert Tcabeaut (by invitation), Frank L. Engel and Haywood M. Taylor (by 
invitation). 

From the Departments of Medicine and Biochemistry, Duke University School 
of Medicine, Durham, X. C. 

A 34-ycar-old man with Cushing's syndrome due to adrenal cortical carcinoma who 
showed striking clcctroh'te abnormalities (scrum N3-143.5 millicquivalents/liter, K- 
2.5G milliequivalents /liter, C1-S3.3 milliequivalents/liter, and COr41.0 milliequivalents/ 
liter) was studied. He had diabetes mellitus (requiring insulin), hypertension, osteoporo- 
sis with collapsed vertebrae, and excreted 7.7 mg, of reducing steroids per day. The 
electrocardiogram showed characteristic changes of hypokaliemia. Intravenous admin- 
istration of 28 grams of KCl (12.9 milliequivalents K+/Kg./hour) restored the serum 
electrolyte pattern and electrocardiogram to normal in four hours. Twenty-one grams 
of KCl were retained during an eight hour period. Twenty-four hours later the serum 
potassium declined to 3.72 millicquivalents/liter, the CO- now being 31.5 milliequiva- 
lents/liter. In nine days the serum electrolytes had returned to their original levels. One 
hundred mg. of testosterone propionate daily for nine days resulted in a decline in the 
serum CO; from 37.8 to 21. G milliequivalents/liter, serum potassium remaining low, i.e., 
3.0 milliequivalents/liter. These findings are consistent with the views of Darrow and 
Kepler that the alkalosis and hj-pokaliemia in this sjmdrome are secondarj- to intracellu- 
lar potassium depletion. Testosterone presumably overcame the alkalosis by promoting 
intracellular potassium retention at the expense of extracellular potassium, the serum 
potassium thus remaining low. 

2G. The ^Mechanism of Action of Testosterone in the Therapy of Cushing's S 3 'ndrome. 
Frederic C. Bartter, Anne P. Forbes, Milliam AI. Jefferies, Eveljm L. Carroll (b 3 ' 
invitation) and Fuller Albright. 

From the Alassachusetts General Hospital, Boston, Alassachusetts. 

In pre'vious reports it has been demonstrated that meth 3 'l testosterone and testoster- 
one propionate have a beneficial effect in females with Cushing's S 3 'ndrome. This in- 
volves: 1) a marked anabolism of protoplasm; 2) a decrease in 17-ketosteroids of endog- 
enous origin; 3) a decrease in “11 ox 3 'steroid'’ e.xcretion. 

A priori, testosterone could exert its effect b 3 ': a) inhibiting or neutralizing the action 
of adrenal cortical hormones on tissues, b) inhibiting the action of ACTH on the adrenal 
cortex, or c) inhibiting ACTH production. 

Aletabolic studies are presented to support the following arguments: 

Testosterone produces anabolism of protoplasm in Addison's disease; thus, it must 
have an effect peripheral to the adrenal corte.x. 

AIeth 3 ’l testosterone, when administered simultaneousl 3 ^ with ACTH, does not ex- 
ert its full anabolic effect, nor prevent the rise in “11 ox 3 'steroids," the fall in eosinophils, 
or the rise in 17-ketosteroids; thus it presumabl 3 '' does not inhibit the action of ACTH 
on the adrenal cortex. 

Methyl testosterone does produce a fall in “11 oxysteroids” and in 17-ketosteroids in 
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weighted shavings and emphasize the faster growth of large than of small hairs and the 
greater accuracy obtained with more refined measures than the gross weight. 

Wide fluctuations occur at different periods of the year, even in the orchiectoraized 
man injected daily with an unvarying amount of testosterone proinonate; 

32. The Effects of Testosterone Propionate on the Peripheral Blood and Bone Marrow 
of Women with Advanced Inoperable Carcinoma of the Breast. Preliminary Report. 

Timothy R. Talbot, Jr.* (by invitation) and George C. Escher.* 

Ten out of 70 patients under treatment with testosterone propionate for inoperable 
carcinoma of the breast showed an increase in hemoglobin, hematocrit and erythrocjde 
count: average values 49 to 5S%; RBC 5.3 to 6.8 million per cu. mm. Si.v out of these 10 
patients exhibited a moderate increase in cellularity of bone marrow or an increase of the 
erythroid-myeloid (E/M) ratio. Two of these patients had pulmonary metastases al- 
though neither showed an increased cellulajity of the bone marrow or an increased E/M 
ratio. 

No radiotherapy was given within a six month period prior to or during hormone 
therapy. 

These data are offered as confirmatory evidence in the human female of changes that 
have been previously observed by others in animals. No explanation of this action of 
testosterone propionate can be suggested at this time. 


33. Effects of Small Doses of Testosterone Propionate on Spermatogenesis. 

Cleve Bellerf (b 3 '^ invitation) and Henry H. Turner. 

From the University of Oklahoma School of Medicine and Oklahoma Medical Re- 
search Foundation, Oklahoma Cit 3 \ 

Studies are in progress to determine the effects of 5 mg. of testosterone propionate 
given parenteralUf twice weekly to subjects showing aspermia, oligospermia and normal 
sperm counts. 

Subjects consists of a number of healthy medical students, and the series is being 
controlled by administration of sesame oil to a similar group. To date the normal subjects 
have shown no significant deviation in sperm count. The majority of those individuals 
with oligospermia are showing a significant increase in sperm count, while the single case 
of aspermia has shown no change. 

The study is being extended to similar groups noting response to 2.5 and 1.25 mg. of 
testosterone propionate twice weekU’- for eight weeks. 


34. Endocrine Factors in Gout; The Significance of Differences in Childhood and Adult 
Urate Metabolism. 

William Q. Wolfson, David lirevsky, Rachmiel Levine (b 3 ’- invitation), Kinu 
Kadota (by invitation) and Clarence Cohn. 

From the Departments of Biochemistry, f Metabolic and Endocrine Research, and 
Pediatric Research, Medical Research Institute, Michael Reese Hospital, Chicago 
16, Illinois. 

Children's urate metabolism has been found to differ from the normal adult’s in a 


* Assistant, Sloan-Kettering Institute, Memorial Cancer Center, New Yorkp- Fellow Amer- 
ican Cancer Society sponsored by the Committee on Growth of the National Research 

^°t”schering Research Fellow in Endocrinology. 1948-1 949. ^ i 

t Aided bj" a grant from the Committee on Scientific Research of the American Medical 

Association. 
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20. Tiie Distribution nnd Motjibolisin of Circulating Te.stostcronc. 

C. D. Y’c.M and L. T. Samuels. 

From the Department of Bioclicmistry, College of Medicine, University of Utah, 

Salt Lake City 1, Utah. 

Testosterone in solution in plasma was administered intravenously to rabbits, dogs 
and men. The rate of disappearance from the blood stream was determined, both in the 
intact individual and, in animals with the liver, kidney, or both liver and kidneys elimi- 
nated from the circulation. Elimination of either organ reduced the rate of disappear- 
ance while the elimination of both further reduced, but did not eliminate, the disappear- 
ance of the hormone. 

Testosterone accumulated in greatest concentration in the fatty tissues, and ne.xt in 
the spleen, heart and skeletal muscle. .\11 of these tissues had concentrations as high or 
higher than the blood at the time of sampling. Other tissues had lower levels; liver 
contained no significant amount. 

In man, the 17-kctostcroid excretion curve was determined in relation to the blood 
testosterone and 17-kctostcroid levels. No significant amount of testosterone appeared 
in the urine even when blood levels were high. The effect on nitrogen metabolism is also 
discussed. 

30. Pseudo-hypoparathyroidism; a Report of Two New Cases With Special Reference 

to the Epiphyseal Changes. 

Harold Elrick (by invitation), Frederic C. Bartter, Adney Sutphin (by invitation) 

and Fuller .\lbright. 

From the Massachusetts General Hospital, Boston, Massachusetts. 

In 1942 {Endocrinology 30: 922-932) the syndrome of pseudo-h 3 'poparathyroidism 
was described. This sj'ndrome resembles hj-poparathjToidism with respect to the disor- 
der of calcium and phosphorus metabolism but the immediate cause of the disorder is not 
a lack of hormone but a failure to respond to it. In addition, it is often associated with 
a characteristic facies and certain epiphj'seal changes in the hands and feet. 

Two new cases are reported. In one case x-ra 3 'S from ages three to seventeen are 
available and demonstrate the evolution of the unusual epiph 3 -seal changes. Parath 3 Toid 
biops3' in one of the cases confirmed the presence of normal or h3'perplastic parath3Toid 
tissue. 

Attention is called to a new ph 3 ’sical sign characterized b 3 ' peculiar movement of the 
lip during speaking. 

31. Quantitative ^Measurements of the Growth of Axillar 3 ' Hair as an Index of the 
Endocrine Status. 

James B. Hamilton. 

From the Department of Anatom 3 '', Long Island College of Medicine, New York. 

A continuousl 3 ''growing secondar 3 ' sex character, axillar 3 ' hair, can be measured 
quantitativel 3 \ In 45 apparentl 3 ' normal men, 21 to 75 3 'ears of age, the cun’e of average 
values per decade of life parallels that for urlnar 3 ' steroids, although for individual men 
the parallel is far from exact. After the third decade of life the average curve of decline 
in weight of axillary hair in 420 subjects is straight in men. In women it is sigma-shaped 
and falls much more rapidl 3 ' beginning with the fifth decade. The values are low in 
eunuchs, and are nil or'less than 1 mg. in prepubertal castrates. 

W eekly measurements of separately identified hairs confirm the findings obtained with 
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■ Because of the specificity of this enzyme, it follows that the sulfate esters of estrone, 
estradiol and estriol hydrolyzed by the enzyme were conjugated at the phenolic hydroxyl 
at carbon 3. 

37. Hormonal Factors Producing the Gametokinetic Response in the Male Frog (Rana 

Pipiens). 

Robert B. Greenblatt, Sarah Clark (by in\dtation) and R. M. West (by invita- 
tion). 

From the University of Georgia School of Medicine, Augusta, Georgia. 

Various commercial pituitary gonadotropins, prolactin, chorionic gonadotropin, 
equine gonadotropin and pregnancy urine have been found to produce the gametokinetic 
response in the adult male frog (Rana pipiens) and the minimal dose necessary to give 
this response has been determined. 

The minimal dose of gonadotropin necessary to produce the gametokinetic response 
in the Rana pipiens frog has been compared with the minimal amount of gonadotropins 
necessary to produce ovarian hyperemia in immature Sprague-Dawley rats. In general, 
smaller amounts of the gonadotropins will give a positive rat h 5 ’-peremia test than are 
necessary for the release of sperm in the male frog (Rana pipiens). 

The male frog (Rana pipiens) has proved to be a reliable test animal for the diagnosis 
of pregnancy. In our series of 111 cases there have been 5 false negative tests. In all cases 
the rat ovarian hyperemia test and the Rana pipiens test were employed. No false posi- 
tive frog tests were encountered. The rat hyperemia test was positive in the 5 cases in 
which discrepancy was noted. 

38. Action of Estrogens on Release of Luteinizing Hormone in Menopausal Women. 

Arthur A. Hellbaum, J. W. Funnell (by invitation) and E. C, Keaty (by invita- 
tion). 

From the University of Oklahoma School of Medicine, Oklahoma City, Okla- 
homa. 

Changes in the amounts of luteinizing (LH) and follicle stimulating (FSH) hormones 
in the urine from women in the menopause were determined before, during, and after the 
administration of various estrogens. Ovarian changes in normal and hypophysectomized 
immature rats were used for the assay of the gonad stimulating factors. 

With large doses of estrogenic preparations it was possible to demonstrate the pres- 
ence of LH in the urine of patients in whom prior to treatment only FSH had been 
demonstrable. The increased presence of LH in the urine was correlated with sympto- 
matic improvement. Estradiol esters were more effective than stilbene derivatives in 
releasing the LH from the pituitary. • 

39. The Hormonal Pattern in Pseudocyesis. 

A. E. Rakoff and Paul H. Fried (by invitation). 

From the Jefferson Medical College and Hospital, Philadelphia, Pa. 

This study included 24 women presenting the typical clinical manifestations of 
pseudocyesis, including amenorrhea or hypomenorrhea, abdominal enlargement, weight 
gain, enlargement of breasts with galactorrhea, plus a strong belief that they were preg- 
nant and felt fetal movement. Urine hormone assays consistently showed absent or low 
titers of gonadotropins and high titers of estrogens. Endometrial biopsies in 10 patients 
showed evidence of progesteronic activity in 9 cases, with a late secretory endometrium in 
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direction generally opposite to the deviations in gout. Children’s average plasma urate 
levels (3.3 mg. %) are lower even than normal women’s (4.2 mg.%) and show no sex 
didercncc. Urine ratios of urate/preformed creatinine (0.6S) and uratc/total creatinine 
(0.n2) and of urate clearanee/endogenous creatinine clearance (0.15) are all higher in 
children than in adults. Others have ascribed the latter findings to relatively increased 
corticoid activity.' Our data arc consistent with the known high corticoid/androgen 
ratio in childhood. Cushing’s syndrome, and sometimes acromegaly, show high corti- 
coid/androgen ratios, and may show a childhood t 3 'pe of urate metabolism. 

Androgenic regulation of urate metabolism is suggested bj’ higher average plasma 
urate levels in men than women, both in normals and the goutj'. Pre-gouty carriers of 
hcrcditar\- In'peruriccmia have normal urate levels until pubertj', if male, and until the 
menopause, if female (Sm.vth, Steelier and tVolfson: Science 108: 514, 194S). Such obser- 
vations implj' androgenic control of hereditarj* hj'pcruricemia. A separate abnormal 
androgen has been postulated because a sex dilTcrcntial in plasma urate exists in gout. 
Verj- low 17-kctostcroid excretion in gout without hj’pogonadism and with unimpaired 
abilitj' to convert administered testosterone to 17-kctosteroid also suggests an abnormal 
androgen (J. Clin. Endocrinol. 9: 497 (June) 1949). 

35. The Effect of Castration, of Unilateral Castration, and of Pregnanej- in Unilateral!}' 

Castrate Rats on the Ovary Transplanted into the Spleen. 

Gerson R. Biskind and Morton S. Biskind. 

San Francisco and New York. 

A regular sequence of events occurs after one ovary has been transplanted into the 
spleen of a castrate rat. .4.fter the initial inflammatory reaction has subsided there is a 
constant development of new follicles which luteinize. These corpora lutea do not in- 
volute and from them, after five months or more, a luteoma appears. Subsequently a 
granulosa cell tumor may replace the luteoma. If an ovary is transplanted into the spleen 
of a unilaterally castrate rat, the intrasplenic ovary atrophies. The grondh potentialities 
of this atrophic intrasplenic ovary become ei'ident as soon as the normal ovary is excised. 
The effect of pregnancy on the intrasplenic ovar}' of unilateral castrates is to produce 
active follicular growth without the formation of corpora lutea. Following termination 
of the pregnancy the intrasplenic ovary atrophies; liowever simultaneous termination 
of the pregnancy and castration produces active growth in the intrasplenic ovary'. Cer- 
tain aspects of the unusual hormonal stimulation in these experimental states are dis- 
cussed. 

36. The Occurrence of Conjugated Sulfates of Estrogens in Human Pregnancy Urine. 

Herman Cohen (by inr'itation) and Robert 'W. Bates. 

From the Endocrine Development Department, E. R. Squibb and Sons, New 

Bruns'wick, New Jersey. 

The conjugation of estrogens in human urine ■with both sulfuric and glucuronic acid 
has been postulated, but no sulfate conjugated estrogen has been demonstrated. 

Hydrolysis with the phenolsulfatase present in commercial enzyme preparations 
obtained from aspergillus oryzae was carried out directly' on urine or on aqueous solu- 
tions prepared from butanol extracts from urine. It was demonstrated that a variable 
portion of the estrogens in human pregnancy urine is excreted as the sulfate ester. Among 
7 different urine samples obtained from women in the seventh to ninth month of preg- 
nancy, it was found that 5-89% of the estriol fraction and 8-100% of the estrone-estra- 
diol fraction occurred conjugated ■with sulfuric acid. 
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42. Studies in Carbohydrate Metabolism in Decerebrate Rats. 

Evelyn Anderson and Webb Haymaker (by invitation). 

From the National Institute of Health, Bethesda, Md., and Army Institute of 
Pathology, Washington, D. C. 

It has been demonstrated by Claude Bernard and by numerous other workers since 
his time that in acute experiments in rabbits and cats, piqure of the floor of the fourth 
ventricle or decerebration at the pontile level gives rise within less than an hour to 
hyperglycemia and glycosuria and that the increase in the blood sugar level is usually 
maintained for three or four hours, but may last as long as nine hours. In all of these 
experiments the animals generally survived not more than a day or two. 

It is the purpose of this communication to describe the effects of decerebration upon 
the carbohydrate metabolism of rats which survived the operation for one to three weeks. 
Decerebration was done at pontile and midbrain levels. Glucose tolerance tests, insulin 
sensitivity and liver and muscle glycogen determinations were done on the rats three 
to seven days after decerebration. There was a marked elevation of the glucose tolerance 
curve during this postoperative period. The insulin sensitivity and the levels of glycogen 
in liver and muscle appeared to be normal. 

43. Factors Affecting the Volume of the Islands of Langerhans. 

R. E. Haist, Margaret Evans and B. Kinash (introduced by C. H. Best). 

Abstract not presented. 

44. Studies on the Serum Potassium in Diabetic Acidosis. 

Carl S. Nadler, Samuel Bellett and Mary Banning (introduced by C. H. Best). 

Abstract not presented. 

45. Pyruvic and Citric Acid Metabolism. 

Max Miller and Ernest Bueding (introduced by C. H. Best). 

Abstract not presented. 

46. Changes in Inorganic Serum Phosphorus During the Intravenous Glucose Tolerance 
Test as an Adjunct to the Diagnosis of Early Diabetes Mellitus. 

Peter H. Forsham (by invitation), Marcel Roche (by invitation) and G. W. Thorn. 

Abstract not presented. 

47. The Metabolism of Glucose and Galactose when Administered Simultaneous!}^ to 
Man. 

G. C. Walsh (by invitation), M. M. Hoffman, H. T. McAlpine (by invitation) 
and E. H. Mason (by invitation). 

From the McGill University Clinic, Royal Victoria Hospital, Montreal, Canada. 

A method which might be helpful in the elucidation of the pathogenesis of hyper- 
glycemia in man is presented. A solution containing 25 Gm. of glucose and 25 Gm. of 
galactose is administered intravenously to subjects in the postabsorptive state. From 
specimens of venous blood the glucose and galactose concentrations at 15, 30, 45, 60 and 
120 minutes following the injection are determined. The rate of removal of each sugar 
from the blood stream is expressed as a Removal Constant which is calculated from the 
concentrations of that sugar at 15 and 45 minutes. The results obtained in normal sub- 
jects and patients are shown in the following table. 
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2, early secretory endometrium in 2 and a mixed type of endometrium in 5. It is postu- 
lated that these patients have a persistence of corpus luteum functions, probably main- 
tained by luteotropic hormone (prolactin). Preliminary studies indicate the presence of 
the latter in the urine extracts of 4 patients, tested by the method of local application 
to the croj) sac of the pipcon. This mechanism adequately explains most of the clinical 
features observed. Psychiatric interviews suggest that the alteration in endocrine func- 
tion has its origin in a profound psychic disturbance. 

40. Management of Threatened Abortion in the Human with Large Doses of Diethyl- 

stilbcstrol. 

A. B. Abarbanel. 

From the Department of Obstetrics and Gynecologj' and the Institute of Experi- 
mental Medicine, College of Medical Evangelists, Los Angeles, California. 

In a consecutive series of 100 cases of threatened abortion lactose placebos were alter- 
nated with diethylstilbestrol. 

There were 50 cases of threatened abortion occurring before day 70 (from first day 
of last regular menses). With placebos, the salvage rate in the control group was 20%. 
With diethylstilbestrol the salvage rate was 35%. 

In the 50 cases occurring between day 70 and 120, the salvage rate was 40% for con- 
trols and S4% for those treated with diethylstilbestrol. 

It is postulated that 1) the poor salvage rate before day 70 of gestation is due to the 
fact that most of these cases are caused by blighted ova, or disturbances in the tropho- 
blast, as well as a break in the vascular continuitj" of the endometrial vascular bed; 2)_ 
after day 70 of gestation, when organogenesis is more complete, the most common cause 
of threatened abortion is a break in the placental-endometrial vascular bed. Since 
estrogen is a prime factor in maintaining vascular continuity of the endometrial vessels, 
it is felt that large doses of estrogen will repair the break in the dike, so to speak, and 
thus the pregnancy will tend to be salvaged. 

Joint Meeting with The American Diabetes Association 

2:00 P.M. C. H. BEST, PRESIDING 

41. A Hj-pergh’cemic Factor Extracted from the Pancreas. 

I. J. Pincus (introduced by A. E. Rakoff). 

From the Department of Phj-siology, Jefferson iMedical College, Philadelphia, Pa. 

Studies have been performed on a hyperglycemic factor obtained from the pancreas. 
This substance can be extracted from normal dog pancreas, from pancreas rendered 
fibrotic bj' ligation of the pancreatic ducts, pancreas obtained from animals prei’iousl3' 
treated ndth alloxan, and fetal calf pancreas before the acinar tissue is secretorj'. All 
brands of insulin tested have also shown the presence of this acthdtj’, best demonstrated 
when American insulins have been treated so as to destroj' their hj^poglj'cemic action. 

Administration of this factor in dosage sufficient to elevate blood sugar levels signifi- 
cantlj’’ had no effect on blood pressure. It was also ineffective in stimulating the external 
secretorj^ actiidtj' of the pancreas. 

It is possible to demonstrate the ability of this factor, when administered intraven- 
0USI3', to prevent h3'pogl3'cemia produced b3’- small doses of insulin. However, when this 
substance has been administered after large amounts of insulin, we have not succeeded 
in preventing a fatal outcome in a significant number of animals. 

Further studies are being carried out on the possible ph3’'siologic significance of this 
substance. 
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sibilities is considered, as well as the evidence which might indicate an inhibiting effect 
of testosterone upon the production of agents such as adrenocorticotropin, the net ef- 
fect of which could be the production of excessive ketogenesis. 

Additional studies in other individuals relating to the effect of testosterone upon in- 
fused sodium aceto acetate ai’e also presented. 

49. The Urinary Excretion of Corticosteroids in Diabetic Acidosis. 

Janet W. McArthur, Randall G. Sprague and Harold L. Mason. 

From the Massachusetts General Hospital, Boston, Mass., and the Mayo Clinic, 

Rochester, Minnesota. 

The urinary excretion of corticosteroids has been measured chemically in 6 patients 
with diabetes mellitus during the first 24 hours after their admission to the hospital 
in diabetic acidosis, and during a 24-hour “control” period after their recovery. It was 
found that the rate of urinary excretion of corticosteroids during the period of acidosis 
was from two to eight times as rapid as during the control period. There appeared to be 
a direct correlation between the severity of the acidosis, as judged by the level of CO 2 
combining power on admission, and the rate of excretion of corticosteroids. 

The temporal relation between clinical manifestations of diabetic acidosis and 
laboratory indications of increased adrenal- cortical activity was investigated by with- 
drawing insulin from a diabetic patient under controlled conditions. Adrenal hyperac- 
tivity could be detected by a fall in circulating blood eosinophils within 24 hours after 
the withdrawal of insulin. However, an increase in the rate of excretion of corticosteroids 
could not be demonstrated until mild acidosis was clinically apparent. 


50. “Steroid Diabetes” Associated with Cushing’s Syndrome and Excretion of 17- 
Hydroxycorticosterone (Compound F) in Urine; Metabolic Studies. 

Randall G. Sprague, Alvin B. Hayles (by invitation), Harold L. Mason, Mar- 
schelle H. Power (by invitation) and Warren A. Bennett (by invitation). 


From the Mayo Clinic, Rochester, Minnesota. 


Observations were made in the case of a 14-year-old boy with severe diabetes asso- 
ciated with Cushing’s syndrone. The urinary excretion of “11-oxysteroids” was remark- 
ably high (about 17 mg. daily, or about 20 times normal). This finding led to the isolation 
of 17-hydroxycorticosterone (compound F), 191 mg. of purified hormone being obtained 
from a twenty-five-day collection of urine, f The diabetes exhibited the features of 
“steroid diabetes” in animals. It was severe, glycosuria being incompletely controlled 
with 130 units of insulin daily. Unlike the usual behavior in ordinary juvenile diabetes, 
however, the urine became virtually free of sugar (2.4 Gm. in twenty-four hours) and 
ketonuria was absent when food and insulin were withheld for twenty-four hours. Nitro- 
gen balance was markedly negative with an intake of 57 Gm. of protein daily. As sug- 
gested by the presence of osteoporosis, the balances for calcium and phosphorus were 
also negative. 

The patient died after resection of one adrenal gland. At necropsy, pronounced 
hypertrophy and hyperplasia of the adrenal cortices, a small thymoma, a parathyroid 
adenoma, osteoporosis and bilateral renal calculi were found. 

The metabolic behavior outlined, plus the finding of 17-hydroxycorticosterone in the 
urine, seems to justify the conclusion that the patient had “steroid diabetes” analogous 


t Mason, H. L. and Sprague, 
in a case of Cushing’s syndrome 
451-456 (Aug.) 1948. 


R. G.: Isolation of 17-hydroxycorticosterone from the urine 
associated with severe diabetes mellitus, J. Biol. Chem. 175; 
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Condition 
of Subjects 

Number 

Glucose 

Removal Constant 

Galactose 
Removal Constant 

Normal 

Acute 

33 

2.1 

(1 .0 -4.0 )♦ 

6.7 

(4. 5-9. 9)* 

hepatitis 

Chronic 

12 

0.92 

(0.42-2.27) 

3.1 

(2. 3-4.0) 

hepatitis 

11 

O.S 

(0.5 -1.3) 

2.4 

(1.2-3. 9) 

Diabetes 

2S 

0.57 

(0.03-1.. 52) 

6.0 

(4.0-S.7) 


* Mean and range. 


These results indieatc that patients witli hepatitis who liave impairment of glucose 
tolerance also have impairment of galactose tolerance. Patients with diabetes, on the 
other hand, show impairment only of glucose tolerance. The possible application of this 
procedure to the investigation of the causes of hj'perglycemia will be discussed. 

4S. Studies in Fat Metabolism. I. Steroid Hormonal ElTects Upon Blood Ketones and 

Other Intermediate Products of Fat and Protein Catabolism.* 

Laurance W. Kinsell, Sheldon Margen** (by invitation), George D. Michaels (by 
invitation), Betty T. Signorotti (bj- invitation) and David P. McCallie (by invi- 
tation); with the technical assistance of Vernon T. Thompson, Robert V. Deal, 
and Philip LoDuca. 

From the Division of Medicine, University of California Aledical School, Meta- 
bolic Research Unit, U. S. Naval Hospital-University of California, and the De- 
partment of Medicine, U. S. Naval Hospital, Oakland and San Francisco, Cali- 
fornia. 

A patient nith severe diabetes mellitus complicated by severe thvTotoxicosis was 
followed under balance study conditions for a period of more than three months. His 
diet and insulin were so regulated as to cause him to catabolize more than 260 Gm. of 
fat dailj', to lose approximate!}- 75 Gm. of glucose in the urine each day, and to be in neg- 
ative nitrogen balance. Under these conditions, his fasting blood ketones were more 
than 30 times the normal level and he had e.xtensive ketonuria. 

With all other factors remaining constant, testosterone propionate administered to 
this man in a dosage of 150 mg. dail}-, produced a profound protein anabolic effect, a 
decrease of gl}*cosuria_ of proportional degree (D/N =3.65), and at the same time pro- 
duced a progressive fall in the fasting blood ketones to levels approaching the normal. 
During this same period, his basal metabolic rate was not significantly changed, and his 
fat catabolism was therefore as great or greater than during the period prior to tes- 
tosterone administration. The discontinuance of testosterone for a period of two daj-s 
resulted in a prompt rebound in the entities above noted as well as the production of 
other metabolic changes which are discussed. 

From the above, one must conclude that under the conditions of this study tes- 
tosterone produces a profound effect upon intermediate products of fat and protein 
catabolism and that this effect is most strikingly manifested by a diminution in fasting 
blood ketones. This observation ma}'- represent an acceleration of ketoI}'sis or a diminu- 
tion in ketogenesis from protein and/or fat. The evidence in favor of each of these pos- 

* This work is_ supported by grants from the Research Division, Bureau of Medicine and 
Surgery, U. S, Navy (BuMed #007046), and from the Office of Naval Research under a 
contract between the latter and the University of California. 

** Senior Research Fellow, U. S. Public Health Service, 1947-48 and Schering Research 
Fellow in Endocrinology, 1948-49. 
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53. The Effect of Pteroylglutamic Acid Antagonists on the Response of the Reproduc- 
tive Accessories of C57 Male Mice to Testosterone. 

E. D. Goldsmith, H. M. Black (by invitation) and R. F. Nigrelli (by invitation). 

From the Department of Histology, College of Dentistry, New York Universitj'- 
and New York Aquarium, New York Zoological Society, New York. 

Preliminary investigations disclosed that the seminal vesicles and coagulating glands 
of castrated male mice receiving a Purina chow ration supplemented with 10 Gm./kilo 
of succinylsulfathiazole and a high level of a crude folic acid antagonist (x-meth 3 dptero 3 '-l- 
glutamic acid, Lederle) responded onl 3 '- slightl 3 '- to high dosages of testosterone. 

Sevent 3 ’' da 3 ’’ old mice, castrated at 50 da 3 '-s of age, were placed on 1) the control ration 
— Purina chow supplemented with 10 Gm. of succin 3 dsulfathiazole per kilo, and 2) the 
antagonist ration consisting of the control ration to which a folic acid antagonist of 
known chemical constitution, 4-amino- N’®-meth 3 d-pteroylglutamic acid (Amethopterin, 
Lederle) was added at levels of 17 mg. per kilo. After eleven da 3 ’’s, the “antagonistic” 
animals were given dail 3 '’ injections of 1 mg, of testostei-one propionate in sesame oil dur- 
ing a 5 -da 3 ’^ period. A number of “control” mice were treated similarl 3 '- with the androgen, 
and an equal number were injected with equivalent quantities of sesame oil. All animals 
were sacrificed 24 hours after the fifth injection. The seminal vesicles and coagulating 
glands of the testosterone-treated mice on the control diet exhibited the characteristic 
hypertroph 3 '- resulting from androgen treatment. The sesame oil elicited no visible 
growth. The mice fed Amethopterin showed a reduced response to the testosterone, and 
differed but slightly from the control stock animals which received sesame oil. Histo- 
logic studies are reported. 

54. Synthesis of Testosterone from Androstenedione-3,17 b 3 ’’ Testis Tissue. 

Leo T. Samuels, Blaine H. Levedahl (b 3 '’ invitation), M. L. Helmreich (b 3 '’ invita- 
tion) and hi. M. Pottner ( 63 '' invitation). 

From the Department of Biochemistiy, College of Medicine, University of Utah, 
Salt Lake Cit 3 '^ 1, Utah. 

Androstenedione-3,17 has been incubated with testis slices from seA^eral species of 
animals. Evidence from colorimetric reactions and biologic assay indicates that this 
tissue is able to reduce the ketone group on carbon 17, thus forming testosterone. The 
metabolism of other steroids b 3 '^ testis tissue has also been studied in an attempt to trace 
a possible route of synthesis of the hormone from constituents known to be present in 
considerable amounts in testis tissue. 

55. The Role of the Adrenal Cortex in Some Somatc-Sexual Aberrations in Infants and 
Children. 

M. M. Melicow. 

From the Departmeiit of Urology, Columbia Univej'sitj^, College of PJjj^sicians 
and Surgeons, New York 32, N. Y. 

The article is based on a stud 3 " of somato-sexual aberrations in infants and children 
seen at the Squier Urological Clinic and Babies Hospital of Columbia University-Presb 3 '- 
terial Hospital. 

In this stud 3 " are presented 2 true hermaphrodites, 13 pseudohermaphrodites, and 7 
children with accelerated puberty characteristic of their own or opposite sex. 

It was found that at birth and in early infancy the problem is mainly one of ascertain- 
in'^ the true sex and correcting the deviation. Several females were brought up as males 
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to that produced iu animals by the administration of carholiydratc-activc adrenal 
steroids. 

51. Behavior of Elcctrolytc.s During Treatment of Diabetic Keto-Acidosis. 

.lonas Wei.^sberg (by invitation), Thomas H. McGavack, A. M. Shearman (Ijy 
invitation) and I. ■!. Drcktcr. 

From The New York Medical College, Metropolitan Hospital Re-scarch Unit, 
Welfare Island, New A'ork, N. Y. 

Electrolyte balance was studied in 13 diabetic patients before and after the institution 
of adequate insulin and fluid therapy. Specimens were collected at intervals from one to 
three hours for the determination of .eerum pot.assium, sodium, chloride and phosphorus, 
CO; combining power, blood sugar and urinary pota.ssium, sodium, chloride, phosphorus 
and total nitrogen, before and after treatment. 

All 13 patients presented a definite fall in levels for potassium in the serum at some 
time during the period of treatment with insulin. Five patients .showed a fall in serum 
potassium to critically low levels. The behavior of phosphorus paralleled that of potas- 
sium; sodium and chloride tended to deviate in an opposite direction to values for 
potassium. 

The importance of the alteration of potassium in the diabetic patient is the fact that 
marked lowering of the level of potassium may be associated with a definite clinical state- 
termed “potassium-depletion syndrome” (hypopotassemia), of which restlessness, 
marked muscular weakness and hypotonia, fall in blood pressure, tachycardia and oc- 
casionally diaphragmatic paralysis are the most characteristic manifestations. 

Among the clinically applicable implications of the results are: 1) a means for recog- 
nizing the potassium-depletion sjmdrome is important to the care of all diabetics; 2) 
frequent determinations of potassium in the serum are necessarj' during the period of 
active treatment for the diabetic-acidotic state; and 3) potassium parenterally should 
be administered onh- when the serum level falls to critical or “near-critical” levels. 

Read by Title 

52. Correlation of Vaginal Smears and Endometrial Biopsies in Normal C 3 'cles and in 
Gjmecic Disorders. 

H. E. Nieburgs, Robert B. Greenblatt and S. Bamford (bj' in^ritation). 

From the Universitj' of Georgia School of Medicine, Augusta, Georgia. 

In the perfunctor}’ studj' of patients with gj-necic disorders a discrepancj' was noted 
not infrequentlj' in the results of the endometrial biopsj' and the vaginal cj'tologic smear. 
A close correlation should exist between the endometrial histologj' and the vaginal 
cj'tologic smear since both reflect ovarian function. A special study was therefore under- 
taken in which endometrial biopsies and vaginal smears were taken at the same time in 
250 patients 'with various endocrine-gj'necologic disorders. An evaluation of this cor- 
relative studj' is presented. Of particular interest was the finding of two specific tj'pes of 
smears: the “cj'tolj'tic” type which heretofore has been interpreted as indicative of pro- 
gesterone actityty and the “mucoid comified” type which was encountered in patients 
with clinical evidence of increased responsiveness to intrinsic androgens. A lack of cor- 
relation with the endometrial biopsj' existed in this particular group of patients. It is 
interesting to note that the cj'tolj'tic smear was associated in most instances with an 
estrogenic endometrium or cj'stic glandular hj’perplasia, whereas the mucoid comified 
type of smear appeared mainlj' in patients ■with cj'stic glandular hj'perplasia. 
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5S. Pregnanediol Excretion in Cases of Blighted Ovum. 

A. B. Abai'banel, Robert Hoyt (133^ invitation) and M. G. Levine (by invitation). 

From the Institute of Expeilmental Medicine, College of Aledical Evangelists, 
Los Angeles, California. 

Pregnanediol excretion was determined quantitatively by a modification of the 
Astwood-Talbot method and was measured quantitatively .spectrophotometrically. 

In a series of infertilit}'’ patients who conceived, pregnanediol excretion was measured 
at least once a week. In 4 cases in which a blighted ovum was recovered the pregnanediol 
excretion fell to or towaj'ds zero from a previously normal le\nel from two to four weeks 
before the blighted ovum was expelled. Diagnosis was confirmed histologically. In two 
cases, the test for chorionic gonadotropin was found to be positive. 

In 17 other cases, a presumptive diagnosis of blighted ovum was made on the basis of 
a drop in pregnanediol with a positive test for chorionic gonadotropin. 

From these findings, it is postulated that a Auable moi-e or less normal embiyo may be 
actively concerned with the metabolic conversion of progesterone to pregnanediol in the 
human. 

69. A Mechanism of Potassium Deficiency in Alkalosis. 

Charles H. Burnett, Belton A. Burrows (by invitation) and Robert R. Commons 
(bj'’ invitation). 

From the Evans Memorial Hospital and the Department of Medicine, Boston 
Universit}'- School of Medicine, Boston, Massachusetts. 

Evidence of intracellular potassium deficit has been demonstrated in a series of 12 
patients with alkalosis resulting primarily from loss of gastric contents; some were re- 
fractory to treatment until potassium was supplied. The mechanism is not clear, but the 
authors’ observations indicate that renal excretion of potassium, Avhich exceeded that 
anticipated from protein catabolism alone, was an important feature. At least three 
factors operated in this renal loss: 1) the failure of normal kidneys completely to conserve 
potassium, even in the presence of potassium deficit; 2) the even greater inabilit}'’ to 
conserve potassium in renal insufficienc 5 ’' (which has regularly occurred in this type of 
alkalosis); 3) increases in potassium excretion after administration of sodium salts and 
hence accentuation of any pi-evious deficienc 3 '- of this cation (saline was always adminis- 
tered in cases observed). Estimations of tubular reabsorption of various ions (calculated 
from inulin clearance) indicated that this last effect ma}'' be due to inhibition by sodium 
of renal tubular potassium reabsorption. Alternatively, since there is some evidence 
that potassium is actively secreted by renal tubules, sodium may stimulate potassium 
secretion. It is suggested that this phenomenon may offer a clue to solution of the 
general problem concerning the mechanism of transfers of sodium and potassium across 
cell membranes. 

60. Effects of Hemopoietic Agents on Blood Formation in Hypophysectomized Rats. 
Robert Gerstner (by invitation) and Albert S. Gordon. 

From the Department of Biology, Washington Square College of Arts and Science, 
New York University, New York. 

The anemia induced in the rat by hypophysectomy can be effectively prevented or 
overcome by appropriate hormonal therapy (Gordon and Charipper; Crafts). Attempts 
were made in the present work to influence blood formation in the hypophysectomized 
rat by the administration of nonendocrine hemopoietic factors. The combination of folic 
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anti vice versa; in a numhcr, tlic true sex was in doubt from birth. Awareness of error in 
some cases was not realized until puberty. At birtli and in early infancy, clinical, labora- 
tory and radiologic evidence of cortical liypcrfunction is usually not demonstrable. In 
some it becomes manifest later. Steps necessary to demonstrate cortical liypcrfunction 
±nco])lasia arc ])rc.'entcd. In childhood, the problem is mainly one of halting the 
tendency to aiiparent scx-rcvcr.-=al and removing the cause. The true sex had been 
ascertained at birth but, because of a profound heterosexual endocrine drive, a somato- 
sexual aberration develoiied. Cortical hyperfunction was demonstrable in all cases. 

56. Inflect of Com])ound E on Blood Ketone Bodies. 

Leslie K Bennett (by invitation), Alexander Slc.«sor (by invitation) and George \V. 

Thorn. 

From the Department of Medicine, Harvard Medical School and the Medical 

Clinic, Peter Bent Brigham Hospital, Boston, Massachusetts. 

Fasting (S a.m.) blootl ketone bodies were determined in 7 patients with Addison’s 
disease before, during and after treatment with 100 mg. daily of synthetic Compound E 
acetate (1 1-dehydro-l 7-hydroxy corticosterone). Control levels varied from 0.34 to 1.27 
mg. per cent. In 6 patients a significant rise in blood ketone level occurred following the 
intial 24-hour period of Compound E administration. The values varied from 1.21 to 
2.57 mg. per cent, being higher in each instance than any previous control level for that 
patient. The values returned to, or toward, control levels during continued therapy. This 
was associated, however, in the one patient in whom the respiratorj" quotient was meas- 
ured, with a persistent reduction in the fasting nonprotein respiratorj- quotient through- 
out the period of therapy. 

In 4 patients blood ketone and blood .sugar levels were followed during the last 12 
hours of a 24-hour fast. Blood ketone and blood glucose values were maintained at a 
higher level during the period of Compound E administration, as compared to control 
values obtained with prolonged fasting in the untreated state. It is suggested that, in 
man, Compound E facilitates the breakdown at fat %'ia ketone bodies. 

57. The Effect of Dietary Protein on the Ability of the Liver to Inactivate Estradiol 
in the Rat. 

Joseph W. Jailer. 

From the Endocrine Section of the Medical Services, and the Chemical Laboratorj- 
of The !Mount Sinai Ho.spital, New York. 

Biskind has claimed that in vitamin B deficiency the liver loses its ability to inactivate 
estrogens. It had been pre\-iously shown that it was not the lack of components of the 
B complex per se that was responsible in this mechanism, but the concomitant inanition 
(Jailer). 

Spayed female rats with pellets of estradiol implanted in the spleen were placed on 
isocaloric vitamin B deficient diets containing 5, 15, and 50% protein. After an average 
of twenty days, the rats on the 5 and 15% protein diets showed signs of estrus as deter- 
mined by vaginal smear, while those on a 50% protein diet remained in diestrus. Uterine 
weights at the termination of the experiment were: 5%-99.0 mg.; 15%-12S.O mg.; and 
50%-65.7 mg. Other similarly treated rats were placed on a diet which was the same 
except for ample vitamin B complex. The food intake however, was restricted to 3 grams 
per daj- per rat. After 25 days on this regimen, the 5 and 15% groups showed signs of 
estrogen activity, with average uterine weights of 121.6 and 90.0 mg. respectively, while 
the 60% group did not (uterine weights 67.2 mg.). 
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III. Plasma CO 2 combining power: 

Average of 11 normotensive patients: 31.1 mEq./L. Average of 19 severe hyper- 
tensive patients: 33.2 mEq./L. 
probability = .6. 

Even though 42 per cent of the hypertensive patients had a value greater than any one 
in the normotensive group, the differences observed were not significant. 

IV. Plasma CO 2 /CI ratios: 

Average in 11 normotensive patients: .307. 

Average in 19 severe hypertensive patients: .335. 
probability = .4. 

Even though 32 per cent of the hypertensive group had ratios higher than any one 
in the normotensive group, the difference in the group were not significant. 

Although it is possible that there might be a slight adrenal hypersecretion in essential 
hypertension, the above data indicate that a marked adrenal lij'^persecretion is unlikely. 

63. The White Blood Cell Response of Rats to Adrenalectom 5 '’j Stress, and Pantothenic 
Acid.* 

Maiy E. Dumm, Paul Roth (by invitation), Paul Ovando (by invitation) and 

Elaine P. Ralli. 

From the Laboratories of the Department of Medicine, New York TJniversit}’- 

College of Medicine, New York. 

Large doses of calcium pantothenate have been shovm to modif}'- the response of the 
white blood cells of the rat to adrenalectomy and, in intact rats, to stress. The total white 
blood cells and lymphocytes were counted in tail blood from young rats kept for thirty 
days on a pantothenate deficient diet. Following adrenalectomy, the total white blood 
cells and lymphocytes were followed for twenty days in groups of rats receiving from 0 
to 4 mg. of pantothenate daily. Large doses of calcium pantothenate dela 3 fed and par- 
tially suppressed the increase in total white blood cells and Lmiphocytes which usually 
follows adrenalectomy. In another series of experiments the total white blood cells and 
lymphocytes were counted before and at intervals after moderate stress (swimming) in 
both intact and adrenalectomized rats on diets providing various intakes of pantothenate. 
No consistent changes in white blood cells were found after stress in any group of adrenal- 
ectomized rats. Intact rats on the high (4 mg. per daj^ pantothenate diet showed a 
delayed lymphocyte response to stress as compared with rats on a moderate (0.1 mg.) 
pantothenate intake. The low initial lymphocyte values previously reported in intact 
pantothenate deficient rats were further depressed following stress. 

64. Role of Emotional Stress in the Survival of Adrenalectomized Rats Given Replace- 
ment Therap 3 ^ 

Miguel R. Covian (introduced by Curt Richter). 

From the Ps 3 ’'chobiological Laboratory, Johns Hopkins Hospital, Baltimore 4, 

Md. 

Previous work done in this laboratory showed that laboratoiy Norway rats can be 
adrenalectomized and then maintained almost indefinitely merely by increasing the 
sodium chloride available to them, but that their adrenalectomized wild Norway count- 
erparts do not survive on salt alone after adrenalectomj'-, nor are cortical extracts entirely 
successful in keeping these wild rats alive. In an attempt to find the explanation for this 


* This research was aided b}" a grant from the National Vitamin Foundation. 
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acid, liver extract, iron and copper evoked marked reticulocytosis but lowered RBC 
counts and Hb concentrations. RBC fragility values and sedimentation rates were in- 
creased by this treatment. Protein hydroly.sates caused slight reticulocytosis, decreased 
RBC numbers, hemoglobin concentrations and fragility values but sedimentation rates 
wore increased. Treatment with the combination of protein hydrolysates, iron, copper, 
liver extract, folic acid, ascorbic acid, and certain members of the vitamin B complex 
induced a strongly marked and continued reticulocytosis. RBC numbers rose onh' 
slightly. Hb concentrations and RBC fragility values were not altered. RBC sedimenta- 
tion rates were greatly increased. The results of additional experiments now being 
conducted with santho])terin and vitamin Bi;, singly and in combination with other fac- 
tors. arc also reported. 

61. The Relative Effectiveness of Dcsoxycorticosteronc .Veetate in Oil Solution and in 

Pellets Diluted with Cholesterol. 

Albert Segaloff. 

From the Department of Medicine, Tulane Universitj- and The Alton Ochsner 

Medical Foundation of New Orleans, Louisiana. 

Groups of 15 to 20 immature male Fisher rats weighing 40 to 60 Gm. were adrenal- 
ectomized. At operation either a pellet was implanted or the first injection of desox}'- 
corticosterone acetate (DCA) in sesame oil was made. The pellets were removed, or injec- 
tions stopped after 2S days. 

Twenty controls with pellets containing only cholesterol and 20 controls injected with 
sesame oil died on the fourth, fifth or sixth day after bilateral adrenalectomy. 

Pellets with 100%, 75% and 50% DCA produced essentially normal growth. .-Animals 
implanted with 5% DC.A. pellets all failed to survive the 2 S-da 3 ' experimental period. 
Growth with pellets of intermediate percentages of DCA was proportionate to the 
percentage of DCA. Of the animals injected with DCA, none recei^•ing lOy per da 3 ' sur- 
vived the 2 S-da 3 ' experimental period. Those receiving 1257 dail 3 ' grew at essential^" the 
normal rate. The intermediate levels produced growth curves differing in proportion to 
the amount of DCA given. 

Comparing the curves reveals that growth was essentiall 3 ' the same for a given 
amount of DCA either in terms of absorption or injection. 

62. Adrenal Cortex Acti'\’it 3 ^ in Essential H 3 "pertension. 

Louis Tobian, Jr. and Harold Joseph (introduced b 3 ' Carl A. Bunde). 

From the Southwestern jMedical College, Dallas, Te.xas. 

AYe have pre^'iousl 3 ' shown that the urinar 3 ' “formaldeh 3 'drogenic” corticosteroid ex- 
cretion was normal in essential h 3 ’pertension. 

Four other procedures have been carried out to examine further adrenal cortical activ- 
it 3 ’- in h3T3ertensive patients. 

I. Plasma corticosteroids: 

The purified lipid fraction was anal 3 'zed 63 ' both the Heard-Sobel and Corcoran-Page- 
Lowenstein methods for corticosteroids. The 8 h 3 'pertensive patients and 7 normoten- 
sive patients e.xhibited similar plasma “corticosteroid” levels. 

II. Fasting blood eosinophil concentration: 

Average of 46 normotensive patients: 139.9/cu. mm. (S.D. = +85.6). 

Average of 40 essential h 3 'pertensive patients: 107.7/cu.mm. (S.D. = +77.7). 
probabilit 3 ' = .07 
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A combination of the above mentioned doses of somatotropic and androgenic hor- 
mones causes a daily body weight gain of almost one gram more than that induced by 
somatotropin alone; and the growth response of the os penis was slightly greater than 
to androgen alone. 

67. The “Thiocyanate Space” and “Iodide Space” in the Thyroid Gland. 

J. F. McClendon, William C. Foster (by invitation) and Emerson Reed (by invi- 
tation). 

From the Department of Physiology and Research Laboratory of Physiologj--, 

Hahnemann Medical College, Philadelphia. 

In the study of thiocyanate goiter, errors arise in the determination of the “thio- 
cyanate space” and the “iodide space” in the thyroid gland due to formation of ferrous 
thiocyanate and to enzyme action during the extraction. .To avoid the former, the 
concentration of ferric ions was inci-eased 10 times and the spectrophotometer was used 
at 5000° A. To avoid the latter the thyroid was frozen, quickly sliced with a razor, 
crushed in a supercooled diamond mortar and quickly homogenized in a Wisconsin 
homogenize!’. The proteins were dissolved in water and precipitated with trichloracetic 
acid. The “iodide space” is larger than the “thiocyanate space.” Thiocyanate cannot 
interfere with the uptake of iodide by the thju’oid unless it is in relatively high concen- 
tration. 

68. A Comparison of the 17-Ketosteroid Excretion of Cases of Cushing’s Syndrome Due 
to Adrenal Tumor With Those Due to Hyperplasia (Hyperfunction). 

Anne P. Forbes, Evelyn L. Carroll (b 3 '- invitation) and Mary L. Wheeler (by 

invitation). 

From the Massachusetts General Hospital, Boston, hlass. 

It is recognized that Cushing’s syndrome maj'’ result from a benign or malignant tu- 
mor or from hyperplasia (hyperfunction) of both adrenals. Hyperplasia presumablj’- 
results from an over-production of pituitarj’- adrenocorticotropic hormone (ACTH). 
Since ACTH has been shown to increase the excretion of 17-ketosteroids, their excretion 
in such cases should be elevated. 

Small adenomas may be found in hyperplastic adrenals; hoAvever, in cases where one 
large adenoma is found the rest of the adrenal tissue is usuallj'- atrophied. The production 
of ACTH has presumably been suppressed by hormones from the tumor. Urinary 
17-ketosteroids should be low unless the tumor itself produces 17-ketosteroid precursors. 

With malignant tumors one would expect inconstant results. 

The adrenals have been visualized in 16 cases of Cushing’s syndrome at the Massa- 
chusetts General Hospital. In 5 cases of benign adenoma the 17-ketosteroid excretion was 
low (average 4.8 mg. per 24 hours). In 9 cases of hyperplasia it was elevated (average 26 
mg. per 24 hours). In 2 cases of carcinoma it was very high. 

The findings in cases collected from the literature are in general agreement with the 
above. 

69. Sex Hormones and Staphylococcus Infections. 

Manuel Villaverde. 

Jjinea 755 — Vedado, Habana, Cuba. 

According to the author’s experience, sex hormones do not seem to act directly upon 
staphylococcus infections, but upon the tissue condition itself i. e., they do not act like 
antiseptics or antibiotics, but like tissue regulators. 
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clifTcrcncc, 21 wild Norway rats (freslih* trapped in the alleys of Baltimore), 13 Alexan- 
drine rats and 23 laboratory rats on a high salt diet were adrenalectomized and had 
pcrcortcn pellets implanted between the shoulder blades. Twenty da}'s after the opera- 
tion the rats were replaced in pairs in a box with a floor made of metal rods and subjected 
to repeated electrical shocks during a period of five minutes. This treatment caused the 
wild rats (both Norway and Alexandrine) to fight each other with great intensity, but 
the laboratory rats merely sought to escape, jumping and squealing, and onlj' occasion- 
ally struck out against each other. The wild rats which were not operated on fought 
violently but did not die. 

The mortality resulting from this treatment was much lower for the laboratorj' rats 
than for the wild ones, indicating that the emotional state of captive wild rats is such that 
therapy sufficient to offset the loss of adrenals in laboratory" rats is insufficient to keep 
the wild rats alive. 

65. The Androgenic Activity of New Esters of Testosterone. 

A. J. Bergmann and Lloyd C. Miller (introduced by John S. L. Browne). 

From the Sterling-Winthrop Research Institute, Rensselaer, New York. 

Numerous new esters of testosterone have been assayed on castrated rats using 
testosterone propionate as the reference standard. The acids from which the esters were 
formed included alkoxy- and alkylmercaptoalkanoicacids in which the alkanoic chain 
contained 2, 3 or 4 carbon atoms. It was found possible to classify' the esters into three 
groups according to their androgenic activity' relative to testosterone propionate. Most 
of the esters were distinctly less active than the latter, or just equalled it, but six were 
significantly more potent. Two of this latter group, testosterone ethy'lmercaptoacetate 
and testosterone methylmercaptoacetate are especially' potent, being 123 and 133% as 
strong as the propionate when compared on the basis of molar equivalents of testoste- 
rone. Assayed by the comb-growth response induced in three-day old chicks, comparable 
potencies were observed. These esters have been studied extensively enough to justify 
clinical trial. 

66. Effect of Androgen and Growth Hormone on the Rat’s Os Penis. 

Y'm. R. Lyons, Edward Abernathy' (by' in^'itation) and Mark Gropper (by' in^-ita- 
tion). 

From the Division of Anatomy' and Institute of Experimental Biology', University 
of California, Berkeley, California. 

Rats hy'pophy'sectomized and castrated at the age of 26 day's show almost complete 
growth stasis and their accessory' sexual structures remain infantile. The proximal 
cartilaginous cap of the os penis becomes atrophic. 

Testosterone propionate (0.1 mg. daily' subcutaneously' for 21 day's from the day of 
operation, promotes a gain of approximately' 1 gram daily' in such animals. The penis 
shows preputial splitting within seven days and grows at a faster rate than in normal 
controls. Although general skeletal growth is retarded as in uninjected controls which 
underwent operation, the penile bone continues to grow as in normal rats. Cartilaginous 
condy'les develop proximally' and following their proliferation they are replaced by' ap- 
parently normal ossification. 

Pure hy'pophy'seal somatotropin (Li and Evans) similarly' administered in daily' 
doses of 1 mg. induces a weight increase of skeletal growth equalling that of normal ani- 
mals; but the accessory' sexual organs including the penis and its ossicle remain atrophic. 
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The various conditions under which intravenous estrogen was used also included 
myomata uteri, fibrosis uteri, endometrial polyps, cystic ovaries, irregular shedding of 
the endometrium, estrogen-deprivation bleeding. In 30 cases, a successful result was ob- 
tained in 26, or 87%. 

In addition, the “stoss” effect of intravenous estrogen has been utilized in threatened 
abortion, severe menopausal syndrome, infertility in female associated with scanty 
cervical mucus, and several other conditions. 

72. The Incidence of Cancer in Endocrine Case Histories. 

J. K. Fancher and Jean Brooks (by invitation). 

Atlanta, Georgia — 478 Peachtree Street, N.E. 

One thousand endocrine case records were studied and compared with the histories of 
1000 cancer patients and 1000 patients without glandular disorder or cancer. These 
3000 cases were taken from the files of the Good Samaritan Endocrine Clinic and the 
Steiner Cancer Clinic of Atlanta. There was a noticeable parallel between the incidence 
of cancer in the family histories of the endocrine and cancer groups, with a perceptible 
decrease in the negative group, i.e., endocrine 29.8%, cancer 29.1%, neg. 21.5%. Malig- 
nancy was most frequent in the first and second generations of antecedents in cancer 
histories, whereas it was highest in the second and third generations of endocrine pa- 
tients. The spread in negative cases was not remarkable. Females, exceeded males in all 
groupings. The G.U. and G.I. tracts were most frequently involved. Various charts are 
shown. All histories were carefully checked and only complete ones used. Although a 
factor of error in such statistical material cannot be dismissed, it is thought that the 
prevalence of cancer and the widespread use of various hormonal products enhances 
the importance of such a study. 

73. Renal Clearances in Patients with Cirrhosis of the Liver, With and Without Ascites.* 

Stephen H, Leslie, Barbara Johnson (by invitation) and Elaine P. Ralli. 

From the Laboratories of the Department of Medicine, New York University Col- 
lege of Medicine, New York. 

Twenty renal functional measurements done on 11 patients with cirrhosis of the liver, 
during and in the absence of ascites, included effective renal plasma flow (Cpah), glom- 
erular filtration rate (Cln), and maximal tubular excretory capacity (Tm pah). Eight 
measurements were done while ascites was present, 6 when no evidence of ascites was 
present, and 6 were done immediately following the ingestion of 1500 ml. of tap water. 
In the group with ascites, 5 patients were actively reaccumulating fluid and 2 were 
undergoing spontaneous diuresis at the time of measurement. The average Cpah in the 
former group was 371 cc./min., the average Cln 69 cc./min., and the average Tm pah 
62 cc./min. The averages in the latter group were: Cpah 704 cc./min., Cln 136 cc./min., 
and Tm pah 54 cc./min. Administration of water preceding measurements to one of the 
patients caused no change. In the group without clinical evidence of ascites, the average 
measurements were Cpah 846 cc./min., Cln 201 cc./min., and Tm pah 84 cc./min. In 
4 patients measurements following a water load were: Cpah 643 cc./min., Cln 153 cc./ 
min., and Tm pah 74 cc./min. 


* This research was aided by a grant from the U. S. Public Health Service, 
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Two ciiscs lire recorded. The first one proved that testosterone is a substance capable 
of inducing furunculosis. Boils appeared following a course of 25 mg. of the hormone, 
thrice a week. This man developed furunculosis on three occasions following courses of 
testosterone, and once it was so intense as to combine several furuncles into a carbuncle. 
He had not had acne in his youth; and after the withdrawal of testosterone only occa- 
sional and mild furunculosis developed. 

The second patient, a woman, showed a very intense axillary adenitis, which broke 
and discharged pus every month before the menses. This condition lasted for twelve 
or fourteen months, becoming worse as time elapsed. The use of 20 mg. of progesterone 
daih', the days before the expected menses, improved her state; only a small ulcer ap- 
peared, with little exudation. During the next intermenstrual period testosterone (12.5 
.and 25 mg.) was given the first two weeks, and progesterone (20 mg.) the rest of the time; 
and since then (after seven months) no axillary swellings were produced. But, para- 
doxically, an annoying acne developed, after testosterone treatment. 

Brief considerations on chronic cystic mastitis and on the relationship between infec- 
tions and endocrines arc discussed. 

70. The Problem of Allergy to Steroid Hormones. 

George P. Heckel. 

From the Department of Obstetrics and Gynecology, University of Rochester 

School of Medicine and Dentistrj*, Rochester, N. Y. 

Observations of Zondek and Bromberg (/. Ohst. (fc Gynec. Brit. Emp. 54: 1, 1947) 
indicate that allergy to steroid hormones may be responsible for certain disorders related 
to the genital functions. To explore this possibility skin tests with crystalline steroid 
hormones have been given to 137 patients. Injections of .05 cc. of oil containing .05 mg. 
of the steroid were given subcutaneously (just under the corium) on the arms. Estradiol, 
estrone, estriol, desoxj’corticosterone, pregnandiol, pregnanolone, progesterone and tes- 
tosterone were used. Reactions were read in twenty-four hours, positive ones consisting 
of faint erj’thema and/or slight induration and tenderness. 

Sesame oil was used in all cases and in a number the same hormones were given in 
both sesame and peanut oil. Many reactions were observed vdth sesame oil as the 
vehicle, but relativelj' few with peanut oil. The controls (.05 cc. of oil alone) remained 
negative. !Many patients were tested more than once and sensitivity of the skin was found 
to be variable in the same indirdduals. Hyposensitization was tried in 41 cases. The high- 
est dilution of the hormone in .05 cc. of oil which failed to elicit a reaction was given 
subcutaneously one to four times weekly. Twenty-two of the 41 patients improved. 
Sj^mptoms related to the menstrual cycle and climacteric which were relieved included 
headache, nausea, dizziness, fatigue, depression, ovarian pain and mastodynia. 

71. Intravenous Estrogen in Menometrorrhagia in the Human. 

A. R. Abarbanel. 

From the Department of Obstetrics and Gynecology and Institute of Experi- 
mental Medicine, College of Medical Evangelists, Los Angeles, California. 

Mixed conjugated estrogens from pregnant mare’s urine was especially prepared for 
intravenous use in the human. On the rationale that if the level of estrogen could be 
raised rapidly to a sufficiently high level, functional uterine bleeding could be easily 
controlled, varying doses of estrogen were used. It was found that a dose of 10 mg. was 
sufficient to control functional bleeding in 6-12 hours in most cases. 



684 


ABSTRACTS OF PAPERS OF THIRTY-FIRST MEETING Volume 9 


Roughly i of all cases had a heinosedimentation rate over 20 nun. (1 hour, Wester- 
green), without a close relationship between the degree of obesity and this test. The pres- 
ence of edema, of intestinal parasitosis and the classification of various kinds of obesity 
do not throw any light on the problem. The obese should be investigated more thor- 
oughly, as they are more liable to premature death than normal people. 

76. The Effects of Vitamin B, Thyroid, and Adrenal Alterations on the Amino Acid 
Oxidase Activity of Rat Liver and KidneJ^ 

Samuel R. Tipton and Frances M. Colvin (by invitation). 

From the Department of Zoologj’’ and Entomology, The University of Tenne.ssee, 

Knoxville. 

Albino rats were maintained on diets with deficiencies in all or some of the B vita- 
mins. The d-amino acid oxidase of liver and kidney tissue is decreased (at least in activ- 
ity) in total B deficiency and in riboflavin deficiency but is not affected significantly by 
thiamin deficiency. Administration of desiccated thyroid powder to animals on normal 
diet increases the enzyme activity. The increase is less in conditions of B deficiency and 
may not appear at all in severe riboflavin deficienc 3 ’’ when tlij’^roid powder or thjwoxine 
is given. After adrenalectomj’’ the enzyme acthdtj’^ is decreased to a small extent. The 
decrease is aggravated by all vitamin B deficiency conditions that have been studied. A 
protein-deficient diet results in a decrease in the oxidase activity but the effect is much 
less than that resulting from riboflavin deficienc 3 ^ 

77. The Problem of Endemic Goiter in Yunnan Province. 

Isidor Greenwald. 

From the Department of Chemistry, New York University College of Medicine, 

New York. 

In a recent review (Curtis, G. M. and M. B. Feitman: J.A.M.A. 139: 28, 1949), a 
paper bearing the title given above (Robertson, R. C.: J. Clin. Endocrinol. 1: 285, 1941) 
is cited as authority for the statement “This remarkable incidence of goiter in Yunnan, 
resultant to the military stranglehold on the areas furnishing the only supply of salt 
with a high iodine content, is no mere coincidence.” The “military stranglehold” is the 
Japanese occupation of the coastal provinces. Actually, Robertson did not claim that 
goiter in Yunnan was of recent origin and as a matter of fact, it has been common in 
Yunnan since before 1867 (Thorel, C.; Note medicates du Voyage d’exploration du 
Mekong et de Cochinchine, Paris theses, 1870). Moreover, the available analyses show 
that the salt from the coastal provinces was not rich, but rather poor, in iodine (Wang, 
H., and F. W. Cheng: Jour. Chinese Chem. Soc. 3: 345, 1935). As McClendon wrote, 
“sea salt may not be considered an adequate source of iodine,” (Iodine and the Incidence 
of Goiter, Minneapolis, 1939). It is possible that goiter was more prevalent in 1940 than 
in 1867 but it is evident that the salt supply had nothing to do with its spread. 
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Cirrhosis of the liver with actively reaccunuilating ascites depressed all of the func- 
tions measured. Once diuresis began the functions measured returned to normal. When 
ascites had been eflectively controlled, the measurements showed an elevation of renal 
plasma flow and glomerular fdt ration rate above the range of normal. Tm pah remained 
normal. 


74. Porphyria Simulating Anorexia Nervosa. 

Bernard A. Watson. 

From Clifton Springs Sanitarium and Clinic, Clifton Springs, X. Y. 

This case is ])rcsented because a diagnosis of anore.xia nervosa was made on a patient 
who, for a number of years exhil)ited .«igns and sym])tonis of porphyria which were not 
recognized. The patient had progre.ssive fatigue, intermittent moderate to severe ab- 
dominal and leg pains, nausea, vomiting, and finally a reluctance to eat. He was G'3' tall 
and weighed S7 pounds on admission to the hospital. A rdsumd of his signs and symptoms 
over a 6-ycar period arc presented. 

Of special interest is the fact that he had an appendectomy because of abdominal 
pain, and later a nephrectomy because of “bloody urine.” His gradual withdrawal from 
society, his many psj’chosomatic complaints, together with his reluctance to eat because 
he felt that most foods caused his abdominal pain, resulted in such a marked state of 
undernutrition that a diagnosis of anorexia nervosa was made. 

A routine blood count, 17-ketosteroids and albumin-globulin ratio were within nor- 
mal limits. The B.M.R. was minus 14. The urine was a “bloody color” showing marked 
porphyria. 

The cause of porphyria in this case, as well as its maragement, are discussed. The 
fact is stressed that before a diagnosis of anorexia nervosa or pituitarj' cachexia is made, 
porphyria should be considered. It is relativel}’ ea.sy to diagnose if borne in mind. 


75. Hemosedimentation Test in Obesit 3 '. 

Aulo Pinto Vi^gas. 

Belo Horizonte, Alinas, Brazil. 

Two hundred and twentj'-six cases of obesitj’ (obesitj* is defined as increase of at 
least 20% in weight), 179 women and 47 men, from 5 to 65 jmars of age, are presented. 
Their checkup included: clinical e.xamination, blood studies, roentgenogram of skull and 
chest radioscopj'. A classification has been made according to the degree of overweight: 


Number of 
cases 

1st group 48 
2nd group 68 
3rd group 49 
4th group 29 
5th group 22 
6th group 10 


Overweight 

percentage 

1 to 10 
11 to 20 
21 to 30 
31 to 40 
41 to 50 
51 and up 


Hemosedimentation 


20 mm. and up 

16 cases or 33 .3% 
23 cases or 34.7% 
16 cases or 33.4% 
16 cases or 69.4% 
15 cases or 68 .0% 
3 cases or 30.0% 


Average of 
each group 

IS .0 mm. 
IS .2 mm. 

18 .2 mm. 

26 .2 mm. 
30 .4 mm. 
17 .0 mm. 
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THE SCHERING FELLOWSHIP 

The Schering Fellowship for 1949 was given to Doctor D. Lawrence 
Wilson. Doctor Wilson was selected as the first recipient of this Fellowship. 
He will work under the direction of Doctor George Thorn in the field of 
metabolic and endocrine diseases. 

Doctor Wilson received the degree of Doctor of Medicine at Queen’s 
University in 1944. Following his internship he served for eighteen months 
as Regimental Medical Officer in the R.C.A.M.C. He then received a 
Medical Research Fellowship for two years from the National Research 
Council of Canada, working during this period in the Department of 
Biochemistry of the University of Toronto. He fulfilled, as Research 
Fellow, the requirements for the degree of Master of Arts which he re- 
ceived in June 1948. 


THE SQUIBB AWARD 

The Squibb Award for 1949 was given to Doctor Herbert M. Evans. 
About thirty years ago Professor Evans began his studies on the physiology 
of reproduction. Some of this earlier work was published with J. A. Long 
in a monograph entitled ''Oestrous Cycle of the Rat,” a contribution 
which was of great importance in the investigation and subsequent isola- 
tion of one of the ovarian hormones. During the following three decades 
many significant contributions to endocrinology were made by Evans and 
his associates, the most important perhaps being the discovery of the 
growth hormone and its subsequent purification and isolation. 

Other important aspects of endocrinology have been studied by Evans 
and his associates in the University of California: 1) the corticotropic 
hormones of the hypophysis; 2) the gonadotropic hormones of the hy- 
pophysis, of pregnant mare serum, and of the chorion; 3) the impairment 
of the vaginal cycle due to vitamin A deficiency; 4) the recognition of the 
importance in the rat of a nutritional factor, X, for pregnancy; and sub- 
sequently, the isolation and characterization of this factor, vitamin E. 

Doctor Evans was born in California in 1882. He studied medicine at 
Johns Hopkins, receiving the M.D. degree in 1908. He remained on the 
faculty of that institution until 1915 when he was called to the Chair of 
Anatomy at the University of California. In 1930 he was made Herzstein 
Professor of Biology and Director of the Institute of Experimental Biology. 
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THE AYERST, AIcKENNA AND HARRISON FELLOWSHIP 

Doctor Ernest M. Brown, Jr. was named to receive the Aj-^erst, McKenna 
and Barrison Fellowship for 1949. He was born in 1919 and received the 
degrees of Bachelor of Arts from West Virginia Universitj’- in 1941 and of 
Doctor of jNledicine from the University of Pennsylvania in 1944. He served 
as intern and junior resident at the University of Pennsylvania Hospital 
1944-46. Since that time, until April 1948, he was a member of the Army 
Medical Corps. Doctor Brown will work at the George S. Cox Medical 
Research Institute with Doctor F. D. W. Lukens on lesions of the islands 
of Langerhans produced by intravascular infusion of glucose, continuing 
his studies begun under this Fellowship in 1948. 

THE CIBA AWARD 

The Ciba Award for 1949 was given to Doctor George Sayers. Doctor 
Sayers developed a new and sensitive method for the assay of the adreno- 
corticotropic hormone of the anterior pituitary gland. He found that the 
ascorbic acid and cholesterol content of the adrenal glands varies inversely 
with the amount of ACTH administered to the test animal. Having estab- 
lished the method, he applied it to the problem of pituitary-adrenal rela- 
tionships. The interrelation of the pituitary and the adrenal cortex, and 
the response of this hormonal system to a variety of stimub are better 
understood and can be better studied as a result of his investigations. 

Doctor Saj'^ers was born in 1914. He received the degree of M.S. in 
physics from the University of Michigan in 1936 and the Ph.D., degree in 
phj'siological chemistry from Yale University in 1943. From 1943 to 1945 
he served with the Office of Scientific Research and Development at Yale 
University and in 1945 became Assistant Professor of Pharmacologj"^ at 
the University of Utah. 
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School, Boston, he has been an assistant in medicine, 1946-48, and an in- 
structor from 1948 to the present time. 

SECOND HONORABLE MENTION 

Second Honorable Mention was given to Hr. Ruth Cortell of Mt. Sinai 
Hospital, New York, for her essay on “The Antithyroxine Activity of 
Thyroxine Analogs.” 

Dr. Cortell received the B. A. degree from Wellesley College in 1935, the 
Ph. D. degree in Physiology from the University of Chicago in 1939 and 
the M. D. degree from Yale University School of Medicine in 1948. She 
did research work at the University of Illinois School of Medicine, 1939-41, 
at the Abbott Laboratories, 1941-42, in the Thyroid Clinic of the Massa- 
chusetts General Hospital, Boston, 1942-44, and then entered Yale Medi- 
cal School, graduating in 1948. During this entire period she was the re- 
cipient of the Smith, Kline & French Fellowship in Pharmacology. She 
served as an intern in the Mt. Sinai Hospital, 1948-49 and after July 3, 
1949 will be at the Montefiore Hospital, New York. 



American Goiter Association 

RECIPIENT OF VAN J^IETER PRIZE AWARD FOR 1949 

The Van Meter Prize for 1049 was awarded to Dr. William ]\IcKendree 
Jefferies of the ^Massachusetts General Hospital, Boston, Massachusetts, 
for his essay on “Studies of the Relationship of the Thj^rotropic, Exoph- 
thalmic and Fat-Mobilizing Principles of Pituitary Extract.” 

Dr. Jefferies was born in 1915 in Richmond, Virginia. He received the 
B. A. degree summa cum laude from Hampdon-SjMney College in 1935 
and the M. D. degree from the Universitj' of Virginia in 1940. He served as 
an intern at the Massachusetts General Hospital, 1940-42. He then entered 
the U. S. Army Medical Corps, went overseas as a Flight Surgeon in the 
India-China Division of the Air Transport Command in 1943 and was 
discharged in February 1946 as a Lt. Colonel. From 1946 to the present he 
has been a clinical and research fellow in medicine at the Massachusetts 
General Hospital, first in the Thyroid Clinic and then in the Endocrine 
Clinic. During this period he was the recipient of a special fellowship fund 
of the American College of Physicians and of an American Cancer Society 
fellowship granted bj^ the Committee on Growth of the National Research 
Council. After July 1, 1949 he will be at Western Reserve University Medi- 
cal School, Cleveland, Ohio. 

FIRST HONORABLE MENTION 

First Honorable Mention was given to Dr. Malcolm M. Stanley of the 
Joseph H. Pratt Diagnostic Hospital, Boston, Alassachusetts, for his essay 
on “The Direct Estimation of the Rate of Thyroid Hormone Formation in 
Man. The Effect of the Iodide Ion on ThjToid Iodine Utihzation.” 

Dr. Stanlej" was born in 1916 in Henderson, Kentucky. He received the 
A. B. degree from Centre College of KentuckjMn 1937 and the M. D. degree 
from the University of Louisville (Ky.) School of Medicine in 1941. After 
serving as interne and assistant resident at the Gallinger Municipal Hospi- 
tal, Washington, D. C., 1941-43; as assistant and then chief resident in 
medicine at the Evans Memorial Hospital, Boston, and as assistant and 
then instructor in medicine at Boston University School of Medicine, 
1943-46, he went to Joseph H. Pratt Diagnostic Hospital, Boston. During 
1946-48 he was the recipient of a fellowship of the American Cancer So- 
ciety sponsored by the Committee on Growth of the National Research 
Council, was a research associate in endocrinology’’, 1948-49, and became 
a staff member (gastro-enterologyO in 1949. At Tufts College Medical 
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during their stay in this country for conferences with them and their pre- 
ceptors, thus to follow their progress. They will also be visited at intervals 
after their return to their home institutions in an effort to evaluate the end 
results of their training and to offer any possible assistance to improve 
teaching, research and practice in the field of internal medicine in their 
respective countries. 


FELLOWSHIPS FOR LATIN- 
AMERICAN PHYSICIANS 

The American College of Physicians and the W. K. Kellogg Foundation, 
with the cooperation of the XJ. S. Department of State and of medical 
schools in the U. S. A., Canada and Lat in-American countries, will shortly 
inaugurate a program of postgraduate medical fellowships. Outstanding 
young physicians will be nominated to the College and Foundation b3^ 
local committees in the countries to the south, and those to whom fellow- 
ships are awarded will be brought to this country* for a 3'ear or more of 
special training. It is anticipated that the first fellows will begin their 
studies during the autumn of 1949. 

Eligibility^ requirements include citizenship in the countr3' from which 
application is made and familiarit3' with its culture and econom3', gradua- 
tion from an acceptable medical school and completion thereafter of an 
internship of twelve montlis or more, abilit3' to use the Engli.sh language, 
and assurance of a subsequent teaching affiliation with a medical school 
in the native countr3'. Those needing some training in English will be as- 
signed to a special course for the purpose in the United States. 

Designed to stimulate progress in the teaching of internal medicine and 
research, and to help the mo.st promising 3’oung doctors of medicine in 
these countries to prepare for teaching and research careers in their native 
countries, the program also will serve to increase understanding among the 
American republics b3' serving as a medium for the exchange of knowledge 
and acquaintanceships. 

The American College of Ph3’^sicians, operating through its Committee 
on Fellowships and Awards, will undertake to arrange a suitable program 
of study in internal medicine or its subspecialities, such as cardiolog3q gas- 
tro-enterolog3’-, etc., in widety recognized medical education centers in this 
countr3r, and to place the fellows appropriatel3'- under preceptors in these 
institutions. 

The W. K. Kellogg Foundation will pro^dde each fellow ndth a monthl3' 
stipend adequate for his basic liAung costs, an allowance for necessary travel 
• within this country or Canada, and will defra3' the tuition for courses rec- 
ommended b3’^ the preceptor and approved by the sponsors. In ^^ew of the 
pressing need of Latin- American medical libraries, the Foundation will 
reimburse the fellow for the cost of required textbooks on condition that 
they become the property of the medical school in which the fellow will 
teach upon his return home. 

Representatives of the Foundation wiU visit the fellows periodicall3' 
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I Liver-stomach concentrate was 
discovered and evaluated in the Lilly Research Laboratories. It was given the trade-mark 
name 'Extralin' (Liver-Stomach Concentrate, Lilly). To this date it stands out as a most 
effective oral treatment for pernicious anemia. Twelve Pulvules 'Extralin' per day will 
produce a standard reticulocyte response in previously untreated cases in relapse. The 
same dose will maintain the blood picture of the average uncomplicated case at normal 
levels. Neurological involvement is prevented. When neural symptoms are present, pro- 
gression is promptly arrested. For cases in which oral antipernicious-anemia therapy is 
indicated, specify Pulvules 'Extralin.' 'Extralin' may be prescribed alone or as a supple- 
ment to injectable liver extract. 


ELI LILLY AND COMPANY 
Indianapolis 6, Indiana, U.S.A. 
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heat; growth, muscular work and tlie multiple special functions in the 
highly organized systems. Potassium is the chief basic ion (or cation) of the 
cells, its concentration being variously estimated between 140 and 160 
mEq. per liter of cell water (1). Outside the cells, in the vascular and peri- 
vascular spaces, sodium is the chief cation, and normally potassium exists 
here in a concentration of only 4.0 to 5.5 mEq. per liter. Between the two 
compartments, there must be maintained ionic, osmolar and acid-base 
equilibria. Under certain abnormal circumstances, as will appear later, 
some sodium can invade the cells and replace potassium there; but avail- 
able evidence indicates that there is a reduction of the functional efficiency 
of the cells when this has occurred. 

It has recently been demonstrated b}'- Folk, Zierler, and Lilienthal (2) 
that the potassium concentration of the extracellular fluids is accurately 
reflected by the plasma concentration of this element, according to the 
Gibbs-Donnan equilibrium. This is an exceedingly fundamental piece of 
information, for unless the readily available plasma could be used for 
potassium determination, one would have no way of knowing the con- 
centration of potassium in the fluid actually bathing the cells. 

The concentration of potassium in the extracellular compartment is 
clearly the resultant of liow much of this element comes in and how much 
goes out. Potassium can enter this compartment by way of the gut — 
absorption of ingested potassium — or it can emerge from the cells. Potas- 
sium can leave the extracellular space by entering the cells or by excretion 
in the urine. Onlj'" in diarrheal states are significant amounts of potassium 
lost by way of the stools. Gastric juice (and perhaps juices of the small 
intestine as well) contains potassium in concentration several-fold greater 
than the plasma. We have found this true in patients with and without 
free hydrochloric acid, and it has only been in patients suffering from very 
low serum potassium levels that gastric juice has contained less than 10 
mEq. per liter; usually from 15 to 25 mEq. (3). Thus excessive vomiting 
or prolonged gastric suction might prove to be ways of losing considerable 
quantities of potassium. Homeostatic mechanisms are so delicately ar- 
ranged that it requires a major functional disturbance to alter the con- 
centration of potassium in the extracellular fluids from its normal range. 
When elevation or depression of the potassium concentration does occur, 
however, serious consequences ensue. 

It has long been known that alterations in the potassium concentration 
in the fluids bathing the heart cause disturbances in cardiac mechanisms. 
Ringer (4), in developing his solution with which to perfuse the isolated 
mammalian heart, found that either too high or too low a concentration 
of potassium interfered with the normal function. Development of electro- 
cardiography, together with accurate metliods for the measurement of 
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THE USE OF POTASSIUM IN THERAPY* 

JOHN EAGER HOWARD, M.D. and 
RICHARD A. CAREY, M.D.** 

From {he DcpartmciH of Medicine, The Johns Hopkins University and Hospital, 

Baltimore, Maryland 

T he title of this discus.sion should perhaps be broadened to “the back- 
ground for the use of potassium as a therapeutic .agent, and some 
clinical experiences ■with potassium administration.” In the case of a 
pharmacologic agent, foreign to the organism, one might begin such a topic 
with the functional alterations resulting from administration of the sub- 
stance. But in the case of potassium, one is dealing with an element which 
is present in large quantity in the animal organism, and which constitutes 
the major basic element of chemical structure of the cell. Thus a review of 
current knowledge of the metabolism of this substance, both normal and 
abnormal, is essential for an intelhgent approach to its use as a therapeutic 
agent. It warrants emphasis that, though the present discussion ■s\’ill 
highlight the acthities of tliis single structural element, other components 
such as protein, phosphorus, sulfm and magnesium, deserve equal consider- 
ation in the preservation of the functional efficiencj' of the cell. 

The cell is the basic structural unit of the human organism. Within its 
confines enzjTnatic and other metabolic processes furnish the energj’^ for 
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ST segment produces the change. The otlier changes in tlie ST segments 
seen with low potassium are also of differential value. Digitalis and myo- 
cardial disease influence tlie Q-T interval and tliese factors should be con- 
sidered in interpreting this measurement. 

The second change is lowering or inversion of the T waves and in the 
third stage the ST segments sag. In the final stage the take-off of the 
ST segments is depressed and there is a slow staircase-like rise to a low 
late T wave. This final stage is seen Avith potassium levels in the range of 
1.5 milliequiAmlents per liter or lower. 

With high serum potassium the first change seen in the electrocardio- 
gram is elevation of the T AAmves, and this is folloAAmd by a decrease in the 
amplitude of the R AAmAms. The third stage is characterized b}’’ auricular 
arrest and no P AA^aves are seen. At sliglitly higher leAmls the ST segments 
become depressed and the QRS duration increases. In the terminal stage, 
with potassium levels in the range of 9.5 to 10 milliequiAmlents per liter, 
the QRS becomes so prolonged that it blends AAuth the eleAmted T wave to 
give a biphasic cui-Am. These broad “sine wave” complexes maj'' occur with 
complete irregularity as the auricular pacemaker has dropped out. 

Peripheral, as Avell as cardiac, neuromuscular mechanisms are disturbed 
as the result of abnormal concentrations of potassium. Curiously enough, 
the neurologic manifestations are much the same whether the potassium 
be high or Ioav. Sensorj’- disturbances are minimal, usually AAuth complaints 
of only mild paresthesias of the extremities. Motor phenomena are striking; 
first weakness and then flaccid paralysis of the extremities, sometimes of 
the ascending or Landry’s type. The trunk and cranial nerA^es are rarely 
involved but Aveakness of the respiratory muscles results in a shallow, 
regular, rapid pattern which is distinctive. HoweAmr, these peripheral 
neuromuscular defects are late manifestations of hyper- or hypokalemia 
and are alAA^ays preceded by electrocardiographic changes. Converselj^, in 
recovery from the dysfunction of hypokalemia, the electrocardiogram 
shoAA’^s reversion to normal soon after return of the serum potassium to 
normal, Avhereas the paralytic phenomena pass far more slowlj^ and, indeed, 
may persist for several hours. 

Experimental work on potassium metabolism in animals has yielded 
much important information, of which space permits summarization of but 
a few points. Orent-Keiles and McCollum found that, on diets Amy Ioaa" in 
potassium, rats died within three weeks (17). Postmortem analysis revealed 
the potassium content of heart, skeletal muscle and kidney to be greatly 
reduced, as much as one-third; amazingty enough, the liver potassium Avas 
normal. In these animals Follis found necrosis and scarring of the heart 
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potassium on small samples of biologic materials, brought about recogni- 
tion of the changes in cardiac mechanisms coincident with high and low 
concentrations of potassium in the serum (o-lG). Tlie almost universal 
availability of the electrocardiogram renders tlie cardiograpliic record the 
most practical method to the clinician for the detection of hjT^er- and 
hjijokalemia. For the benefit of those not familiar with the diagnostic 
points involved, a brief schematic scries of sketches is shown (Fig. l).*^ 

PROGRESSlVe EFFECT OF 
LOW SERUM K ON EKG 

NORMAL 

PROLONGED SAGGED 

0 T ST 

'• -4--- 

LOW T DEPRESSED 

WAVE ST 

2 - Jl/' 

Figure 1 

Effects of polasshim on the human electrocardiogram : The changes in the 
electrocardiogram produced by abnormalities of the serum potassium are 
characteristic and easilj'^ recognized. As the serum potassium is lowered, 
prolongation of the Q-T interval is the first change seen in the electro- 
cardiogram. The Q-T interval varies with the heart rate, but at average 
heart rates it should be less than one-half the R-B, interval and this can 
be used as a rough upper limit of normal. It is well known that hji^ocal- 
cemia prolongs the Q-T interval, but Nadler (14) and others have shown 
that the low potassium effect is independent of serum calcium. Xadler 
suggests that the Q-T interval prolonged by low potassium can be distin- 
guished from that prolonged by low calcium. The low broad T wave of 
hjTJokalemia is primarily responsible for the prolongation of the Q-T 
interval, while in hj^jocalcemia the T wave is normal and the lengthened 

' For these sketclies and the description in the succeeding paragraphs, we are indebted 
to Dr. R. S. Ross. 
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CLINICAL OBSERVATIONS 

It has been known for more than ten years that some abnormality in 
potassium metabolism plays an important role in the attacks of familial 
periodic paralysis (26). Tlie serum potassium is found to be lowered during 
the paralytic phases, and attacks may be induced by such physiologic 
“potassium-lowering” procedures as a glucose test meal, administration 
of insulin or by epinephrine (27, 28, 29). Furtliermore, both spontaneous 
and induced episodes are promptly cured by potassium salts. The exact 
nature of the underlying physiologic defect in this condition is still un- 
known. There is no apparent deficiency of cellular potassium. 

Hypokalemia, sufficiently severe to produce paralytic phenomena, has 
been observed to follow overzealous administration of desoxycorticosterone 
to patients with Addison’s disease (30). Recoveiy followed the oral use of 
potassium chloride. Here, of course, there was presumptive depletion of 
cellular potassium, as is found in the experimental animal poisoned with 
desoxycorticosterone (19, 24). In the normal adult economy, almost the 
same quantitj'' of potassium is excreted in the urine as has been ingested. 
In most t 3 q)es of renal insufficienc}'', so long as urinary volume is main- 
tained, the capacity’' to excrete potassium remains adequate to cover the 
requirements; and clinically significant deviations from the normal con- 
centrations of potassium in the serum do not occur unless unusuallj;^ heavy 
loads are thrown on the mechanism, such as administration of potassium 
salts. In oliguric uremia, elevation of serum potassium is not unusual; 
indeed death from hyperkalemia is probably more common than is general- 
ly recognized. Occasionally a type of disturbed renal mechanism is met 
which results in the urinary output of greater quantities of potassium than 
normal; there is thus brought about a depletion of potassium with the 
usual neurologic and electrocardiographic signs thereof (31, 32). Prompt 
recovery from the immediate presenting sj^mptoms occurs with administra- 
tion of potassium salts. 

In the remaining examples of hypokalemia to be discussed, there are 
associated profound disorders of nutrition. As a background for an under- 
standing of these cases, it would therefore seem wise to review some of the 
data on the metabolism of potassium in starvation and recovery therefrom. 
When no food is eaten, there is expenditure of cellular elements by the 
body for energy, heat and repair. In Benedict’s experiment (33), in which 
his professional “faster” took nothing but water for thirty days, tlie 
amounts of nitrogen, potassium, pliosphorus and sulfur that appeared in 
the urine closelj'- paralleled the relative proportions of these elements in 
muscle protoplasm. During his month of starvation, Benedict’s patient 
“consumed” and excreted between 15 and 20 per cent of his protoplasmic 
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muscle fibers, as well as necrosis of renal cpillielium with tubular dilatation 
(IS). Low serum potassium, low muscle potassium and myocardial necroses 
have been produeed also by poisoning with desoxycorticosterone, presum- 
ably in large part as the result of the pota.csium diuresis effected by this 
.steroid (19, 20, 21). 

Darrow and his co-workers (22, 23, 24), using a variety of techniques to 
induce lowering of the cellular potassium, confirmed previous evidence that 
there exists a reciprocal relationship between sodium and potassium in 
muscles; that is, whenever muscle pota.s.sium was lowered, there was a 
corresponding increase in the sodium content. They found in their rats 
also that whenever a decrease in muscle potassium of more than 10 per cent 
was present, there was invariably a significant lowering of the concentration 
of potassium in the serum. Of considerable interest was their observation 
that potassium administered to potassium depleted animals was retained; 
whereas, when potassium was injected into normal rats, muscle content 
was increased only momentarih’, and the balance of potassium was soon 
actually negative. Recenth' Darrow has pointed out that in their experi- 
mental animals there existed a high degree of correlation between the 
concentration of bicarbonate and chloride in the serum, and the muscle 
content of sodium and potassium. High serum bicarbonate and low serum 
chloride invariablj' accompanied low muscle potassium and high muscle 
sodium, whether the latter state had been induced by low potassium diet, 
desox^’^cortico.sterone or the administration of sodium salts (25). It was 
emphasized by Darrow and co-workers that these predictable relationships 
were found to applj'' only after “biological equilibrium” had been reached, 
a term impljdng that renal function was being normallj^ carried out. Thus, 
as in practically every pathologic state, the presence of renal insufficiencj’’ 
greatly complicates interpretation of the chemical anatomy of the bodj'" 
fluids. 

To summarize the data ■presented Unis far: There is experimental e\’idence 
that 1) the organism is incapable of adequately withholding potassium in 
the face of a prolonged dietary deficiency of this element; 2) that this potas- 
sium deficit is accentuated by coincident administration of sodium salts or 
by desoxycorticosterone; 3) that reduction of cellular potassium below a 
certain point is dangerous not only in causing muscular (mjmeardial) 
necroses, but that serum potassium is also lowered. Recognition of hjqjo- 
kalemia maj’- be obtained through electrocardiographjq and is to be sus- 
pected in sjTnmetrical peripheral motor palsies with little or no sensory- 
changes. Potassium depletion should be suspected wiien, in the presence of 
normal kidney^ function, there is an unexplained high serum bicarbonate 
and low' chloride concentration. 
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The exhaustive studies on potassium and sodium interrelationships made 
by Darrow’s group (20, 22, 23, 24, 25), and the knowledge that relatively 
large quantities of potassium were lost in diarrheal stools, led them to the 
use of potassium salts parenterally in the treatment of infantile diarrhea. 
Previously, standard therapy had included only sodium salts. In the first 
sizeable group of cases treated by the newer method, the mortality was 
reduced from 32 per cent to 6 per cent (41), 

Diabetic acidosis 

Since, in the studies on convalescence (37), our attention was being 
directed toward the provision to the cells of elements that had been de- 
pleted and might be accepted and beneficial, in 1945 potassium salts were 
added to the infusions given to patients with diabetic acidosis. There was, 
at the time, no conscious effort to forestall the development of hypo- 
kalemia. It had been known, since the classical studies of Atchley, Loeb, 
Benedict, Richards and Driscoll (42) on diabetic volunteers, that during 
the development of insulin-withdrawal acidosis, diuresis of large quantities 
of potassium, nitrogen, phosphorus and other elements occurs, much like 
the pattern of starvation. The stud}'- by Atchlej^’s group had also demon- 
strated that, with resumption of insulin, there was a sharp retention of all 
the previously lost elements, especially conspicuous in the case of potas- 
sium. Their patients had, of course, been fed constant diets during the 
experimental periods, and insulin was resumed when the metabolic situa- 
tion seemed precarious. The first few patients with diabetic acidosis 
studied here, to whose intravenous therapy potassium salts were added, 
manifested strongly positive potassium balance without elevation of serum 
potassium, an indication that the majority of the administered potassium 
ions had been taken up by the cells (43). When it became apparent from 
the papers of Holler (44), Martin and Wertman (15), Frenkel, Groen and 
Willebrands (45), Nicholson and Branning (46), and Logsdon and Mc- 
Gavack (47) that, with the current therapeutic regimens, patients recover- 
ing from diabetic acidosis might be seriously endangered by the develop- 
ment of hypokalemia, the quantities of potassium given to our patients 
were increased to see just how much the cells might be capable or “desirous” 
of accepting. We were quite unprepared for the enormous positive balances 
shown by some of our cases (43). In one instance, as much as 35 grams of 
potassium chloride (467 mEq. of potassium) was injected into a patient in 
eighteen hours; and less than 100 mEq. potassium appeared in the urine. 
During this time the serum potassium was constantly subnormal. It 
has been our impression that patients given large doses of potassium and 
far less sodium than with currently common therapeutic regimens, have 
profited greatly, not only in the prevention of the dangerouslj'- low levels 
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mass. Gamble, Ross and Tisdall’s studies on children also showed great 
losses of intracellular elements during fasting (34). Observations made dur- 
ing "World "War II indicated that the same tji^c of parallel expenditure of 
cellular elements accompanied brief starvation periods as well as periods 
of graded undernutrition, provided the diet was kept qualitatively constant 
(35). But during recovery — that is, when these patients were fed full diets 
— it was found that potassium was retained sooner and in greater quantity 
than was nitrogen, even though nitrogenous foods were offered liberally. 
A similar retention pattern was noted when obese patients were starved for 
four days and then fed 1200 calorie diets (36). 

During experiments with total intravenous feeding, it seemed logical to 
several members of the group studying the metabolic aspects of con- 
valescence (37) to include salts of potassium along with glucose and the 
nitrogenous pabulum of protein hydroh'sates, thus at least offering to 
the cells another of their normal constituents. It was found that potassium 
was accepted under these circumstances, and often in considerable quanti- 
ties. Our group, since 1944, have felt it rational to add from 3 to 8 grams 
of potassium chloride per day (40 to 110 mEq. of potassium), with cor- 
responding reduction of sodium chloride, to all total intravenous feeding 
mixtures (except in patients with anuria or renal insufficiency of the potas- 
sium-retaining tyqDe). 

Stewart and Rourke (38) had noted in 1942 that, in postoperative 
patients fed only parenterally, more potassium was lost in the urine of a 
patient given normal saline than was lost by a patient to whom onl}’- 
glucose solutions were given. Mason and Howard (39) had noted that 
sodium and chloride were retained postoperatively in amounts seeminglj’" 
far greater than were needed for simple repletion of the extracellular 
space; and, since exaggerated retention of sodium cliloride occurred diming 
simple oral feeding after brief starvation periods (36), it seemed likely that 
aindity for sodium and chloride was a phenomenon of undernutrition. If 
then, in undernutrition, there is depletion of, along with other things, 
potassium; and administration of sodium causes great retention of sodium, 
and potassium diuresis (40), wh 3 " were we not frequentlj’" obsendng hAqao- 
kalemia among undernourished patients who were being given onlj^ sodium 
chloride and glucose parenterallj’^? The answer is that we were seeing such 
cases but not recognizing them; for the significance of much of these data 
was not realized at the time. 

Infantile diarrhea 

The administration of potassium salts with the avowed purpose of 
replenishing cellular supplj*^ or preventing further vital depletion was 
reported from Darrow’s laboratorj’- in the treatment of infantile diarrhea. 
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Fig. 2. Electrolyte pattern of serum in case J.P. Intake of sodium prior to admin- 
istration of potassium was over 6000 mEq. On day 28 and 29, 145 mEq. of sodium was 
given. Total intake of potassium was 991 mEq. 

ing was stopped, and the patient was given 10 grams of potassium chloride orally, 
together with a routine surgical liquid diet. 

It is most unfortunate that urinary incontinence prevented the collection of balance 
data on this patient. The serum CO 2 determinations prior to October S were recorded 
by the laboratory simpl}"^ as “greater than 40 mEq.” and the actual height reached is 
unknown. The long latent period (six days) before either clinical or laboratory improve- 
ment became evident was a source of discouragement, but subsequent cases have led us 
to expect this phenomenon. There seemed to be adequate urinary volume throughout 
this period; no edema was ever apparent, nor was there evidence either of shock or cardiac 
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of potassium whicli sometimes develop, but the patients have seemed to 
show a quicker recovery to fitness and regulation. There has also been in 
the patients so treated a conspicuous absence of edema and hypoprotein- 
emia, which were common aftermaths of our former therapeutic procedures. 

Chronically ill, undernourished patients 

As previously mentioned, for several years patients under the nutritional 
study by our group have been given parenteral feeding mixtures which 
included moieties of potassium. It seemed likely that, among debilitated 
and depleted persons to whom only saline, glucose and perhaps plasma 
or amino acids were given, there might be found a fair number who would 
show evidences of hj-pokalemia. Last summer, with the aid of surgical 
colleagues, patients of this tjq^e were sought. The following cases are repre- 
sentative of this group; 

J.P., J.H.H. f^t/i293, was a suspect because of an unexplained high serum bicar- 
bonate and a low serum chloride, against which efforts at correction by normal saline and 
ammonium chloride had been unavailing. He was a man aged 53, who had been ill for 
over a month before entering the .lohns Hopkins Hospital. There had been constant 
abdominal pain which permitted only minimal ingestion of food. Weight loss had 
been greater than 20 pounds. After hydration with sodium chloride and glucose solu- 
tions, abdominal operation was performed on September 20, and there was found 
pancreatic necrosis, abscess formation, perforated gall bladder and infarction of the 
omentum. During the postoperative course, practically nothing could be taken by mouth 
and parenteral feedings consisted of glucose, saline, plasma and whole blood (Fig. 2 
and Table 1). As the serum chloride was noted to be falling and the bicarbonate rising, 
sodium chloride therapy was pushed, and ammonium chloride added — without improve- 
ment (October 1-4). On October 5, examination in consultation showed the patient to be 
extremely asthenic; respirations were shallow but only slightly more rapid than normal; 
peripheral reflexes were barely obtainable; blood pressure was normal, and there were no 
e\ddences of “shock” or heart failure. The cardiogram disclosed definite e^ddence of 
hypokalemia. 

On October 6, the morning that potassium therapy was begun, the serum potassium 
was found to be l.S mEq. per liter. A mixture of glucose and “Elamine,”- to which potassi- 
um chloride was added, was given by vein each da}' over periods of eight to ten hours 
(Fig. 2 and Table 1). The first day 4 grams of potassium chloride was given. No sodium 
was included in the mixture except on October 12 and 13, when 500 cc. of normal saline 
was added. 

There was no apparent change in the patient’s condition, nor in the chemical pattern 
of the plasma until October 12, the seventh day of potassium therapy, at wliich time there 
began a dramatic improvement in both. He began to feel progressively stronger, appeared 
more alert and reflexes became readily obtainable. On October 14 the serum potassium 
had reached a level of 4 mEq. per liter, chloride was rising and CO 2 falling; serum sodium, 
wliich had fallen during the intravenous potassium period, was rising. Intravenous feed- 

* Elamine is a protein hydrolysate which contains minimal quantities of sodium 
chloride. The material was furnished through the courtesy of the Interchemical Corpora- 
tion. 
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a colectom}^ M^as performed and tlie ileum brouglit down to the anus, A few days after 
operation, spiking fever and diarrliea set in. Tiie small oral feedings that could be tolerated 
were supplemented bj’’ blood, plasma, glucose, saline and, on two occasions, small amounts 
of “Amigen”'’ parcnterally (Tables 2 and 3 and Eig. 3). 


E.A.-4670II 



Fig. 3. Electrolyte pattern of serum in case E.A. during 46-day period. The 
symbols for blood and plasma equal 500 cc. 

On November 2 examination in consultation disclosed elevated temperature and 
pulse, no respiratory distress and normal blood pressure. There was no edema or other 
evidence of heart failure. The patient was apathetic and weak; peripheral refle.xes were 
practically absent; urine was normal; the cardiogram showed evidences of low serum 
potassium. The following morning, prior to institution of potassium therapy, the serum 
concentrations were as follows; potassium 2.0 mEq. per liter, chlorides 83.9 mEq, per 

^ The Amigen used in these studies was furnished by hfead, Johnson & Co., through 
the courtesy of Dr. Warren Cox, Jr. 
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decompensation. Once tlic clieinicnl jinttcrn began to cliange, the rapidity of its return 
to normal was astonishing and mo.st gratifying. Even the .serum protein concentration, 
which had been between 5.0 and 5.3 grams per 100 cc. since September 15 de.spite tran.s- 
fusion of 7 liters of blood, rose to C.l by October 19, coincident with the rises in serum 
potassium and chloride and the fall in CO;. Scrum phosphorus, very low when potassium 
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therapy was begun, fell even lower to values of 0.5 on October 13. Xo phosphorus was 
administered to this patient; “Elamine” contains none. 

E.A., J.H.H. i467Sll, was a 44-year-old white woman who entered the hospital on 
October 2, 1948. Sixteen j'ears premously an ileostomj’ had been performed for ulcerative 
colitis, with rapid improvement in the patient’s weight and strength. Aside from the 
annoyance of the ileostomj", the patient had no complaints. She had been on a general 
bland diet. Phj'sical examination revealed no important abnormahties. On October S 
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liter, CO 2 greater than 40 mEq. per liter and sodium 135.4 mEq. per liter; calcium 8.3 and 
phosphorus 3.0 mg. per 100 cc. 

Beginning November 2, oral feeding was stopped aiid the patient was given by vein 
each day a mixture of 1 liter of 10 per cent “Amigen,” 220 grams of glucose (total fluid 
volume 3250 cc.) to which was added S grams of potassium chloride. The only sodium 
given was that contained in the liter of 10 per cent “Amigen,” approximately 100 mEq. 
Except for the fever, clinical improvement Avas prompt. The diarrhea ceased abruptly 
AA'ith instigation of the total intraAmnous feeding, and drainage from tlie rectum was 
negligible until oral feeding AA'as resumed. There AA'as, hcAA'CAmr, the same delay, as seen 
in the preAdous case, in return of the electrol 3 ’’te pattern toward normal. It was not until 
NoAminber 11 (eight dual’s later) that there AA'as manifest an appreciable rise in serum 
chloride and a fall in CO 2 ; and CAmn bj'’ NoA^ember 15 the concentrations of these electro- 
l 3 ’'tes and potassium could not be considered entirel 3 '^ normal. Again there was a coincident 
a 2 :)preciable rise in serum protein concentration, without further administration of either 
blood or plasma. 

On NoA’’ember 2, just prior to the total intraAmnous feeding program, the abdomen 
was reopened and a perirectal abscess drained. The drainage was considered to be in- 
adequate, and remittent fcAmr continued. 

Balance data in Table 2 and Figure 4 shoAv that a large portion of the 
administered potassium was retained. In the first fiA’-e days there was a 
positit^e balance of 368 mEq. of potassium. In these 2 patients just cited, 
the analogy to Darrow’s observations in his potassium depleted rats is 
striking. Both patients had suffered long periods of undernutrition in 
which potassium must haA'-e been lost in considerable quantities along 
AAuth other intracellular elements. Both had received relatively large 
amounts of sodium chloride. Potassium had probably been further depleted 
by the diarrhea in the second case. Serum potassium Avas Ioav, the chlorides 
low and the CO 2 elevated. Administered potassium was retained in the 
second case and presumably in the first case also, just as Darrow had found 
when potassium was given to the depleted rats (25). It Avas our impression 
that the delayed rise in serum potassium and reversal of the chlorides and 
CO 2 concentrations were expressions of the fact that the cells were avidly 
accepting the proffered potassium; and until the cellular compartment 
had been repleted up to a certain point, there Avas no reflection of the im- 
provement in the chemical anatomy of the extracellular compartment. 
It is striking that during the period of therapy with potassium chloride, 
the second patient (E.A.) retained chloride throughout the entire period,’ 
more in the earlier days Avhen the serum chloride concentration Avas remain- 
ing relatiA^elj^ stationary than later (November 9 to NoA^ember 13) when 
serum chloride began to rise. Sodium balance, except on November 5 — on 
which day there is some reason to belieA'-e some urine may haA^e been lost — 
was essentiall}’’ in equilibrium. It seems likely that the administration of 

* No attempt was made to allow for sAA^eat in an3>- of these experiments; in none of the 
patients was undue SAA-eating a feature. 



August, 19.', 0 


POTASSIUM IX THEKAPY 


705 



Fig. 4. Balance data of patient E.A. during administration of potassium. Da}' 1 of this 
figure is day 33 of Figure 2. Intake is represented by the distance from the lowest line to 
the zero line. Output is represented by the hatched area. Positive balance is indicated by 
the clear area below the zero line; negative balance by the hatched lines e.vtending above 
the zero line. 


70S 


JOHN EAGER HOWARD AND RICHARD A. CAREY Volume 9 


the major portion liaving been lost on days 1 and 2. TJiese dogs liad pylo- 
rectomy performed by Dr. Scott on tJie day of institution of treatment; 
but since nothing was given by moutli and tliere was no vomiting, tlie 
operation probably contributed no added burden to tlic animals after the 
first two days. It was next decided to see what effect exactly the same 
procedure would have on dogs who had previously been starved for ten 
days but allowed free access to drinldng water. During starvation, urine 
was collected so that pretreatment losses were known. One sucli dog was 
given sodium chloride and glucose only as above; two other dogs were 
given a mixture consisting of glucose 100 Gm., sodium chloride 2 Gm. and 
potassium chloride 6 Gm. in 2,000 cc. of water. 

After two weeks the dogs given tlie potassium cldoride seemed healthy 
and frisky; the blood morpliology and chemical pattern of the serum were 
essentially normal. However, on the eightli da}’' the dog given only sodium 
chloride and glucose was drowsy, apathetic, too weak to stand, slightly 
edematous and the chemical pattern of the serum was as follows: potassium 
2.9, sodium 144, chlorides 114, CO 2 23.2 mEq. per liter, nonprotein nitro- 
gen 27 mg. per cent and hematocrit 46 vol. per cent. The dog was found 
dead in his cage two hours later. 

Analysis of the balance data on these 2 dogs sliowed the surprising fact 
that from the beginning of the two tj'pes of total intravenous feeding, the 
over-all negative balance of potassium in the healthy dog (given potassium 
chloride) was only 150 mEq. less than in the dog that was given sodium 
chloride and apparently died of h 3 '-pokalemia. These studies are being con- 
tinued in an effort to determine the influence of diarrhea, vomiting and 
other factors in addition to undei’nutrition on the development of the 
hypokalemia. 


METHOD OF ADMINISTRATION OF POTASSIUM 

Despite our admitted ignorance of the exact circumstances leading to 
potassium deficit, it seems clear that patients are not infrequently met to 
whom the administration of potassium as a therapeutic agent is advantage- 
ous and sometimes a life-saving procedure. When the conditions are suit- 
able for oral administration, obviously this route is to be preferred. A 
solution of potassium chloride containing 40 to 80 mEq. of potassium per 
liter (3 to 6 grams of potassium chloride) given in 50 to 100 cc. amounts 
with or without a fruit juice or some otlier carrier has seemed entirely 
efficacious. We have also used one of the meat juice preparations, of which 
more will be said later, which contains a very high concentration of potas- 
sium and which is quite palatable to many persons. But in situations of 
emergency or when gastro-intestinal dysfunction precludes oral administra- 
tion, a parenteral route must be used. The plasma reaching tlie lieart must 
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the potassium prevented retention of sodium, which previous experience 
of our own and that of others would have led us to expect. In E.A. the 
serum phosphorus concentration remained at all times within normal 
limits, perhaps because more phosphorus was administered — tlie 10 per 
cent "Amigcn” solution containing 915 mg. phosphorus per liter. In any 
event, the over-all balance of phosphorus was strongly positive for the first 
five days, there being a total of 3,240 mg. phosphorus retained.^ Comparing 
the nitrogen retained over the same period (19 grams), it may be seen that 
nearly three times more phosphorus was retained than the usual ratio of 
nitrogen to pho.sphorus in muscle protoplasm; and that the potassium re- 
tained was six times as great as the usual potassium to nitrogen ratio in 
muscle. 

EXPERIMENT.\L. OBSERVATIONS 

Other patients, with similar nutritional background, plasma chemical 
pattern and response to potassium therapy have been observed. One could, 
however, only guess at the degree of depletion of various elements in such 
patients, and it seemed wise to turn to animal experimentation in an effort 
to determine the various factors which might play predominant roles in 
the production of this tjT>e of clinical picture. Last fall, with the help of 
Dr. H. W. Scott and Mr. Robert Carroll of the Surgical Department, the 
authors and Miss Marjorie Foote began some observations on dogs. Brief 
mention of preliminary experiments now in progress follows: 

The technique of total intravenous alimentation was used. The appara- 
tus adopted is a modification of that developed by Dr. Rhode (48) of Phila- 
delpliia. Fluid mi.xtures are introduced into the jugular vein continuouslj*. 
Appropriate bandaging and harness prevent the dog from pulling out the 
tubing. By an overhead trolley and a series of counterweights the dog 
may move about the cage or he domi at will without strain on the tubing. 
Rate of flow is controlled by the usual drop method. B 3 ’’ this teclmique 
dogs have been kept in a state of good nutrition for as long as SO daj's (48). 

The first experiments,, performed as base-line controls, consisted in 
gi%’ing healthj’' dogs hea\’y' loads of sodium chloride (2 liters of 0.9 per cent 
sodium chloride per daj’') to which 100 grams of glucose had been added. 
Though the dogs developed ob\dous edema on the seventh daj^, the serum 
potassium did not fall, nonprotein nitrogen and serum sodium did not 
rise, chloride rose to 122 mEq., CO 2 concentration fell to 15 mEq., serum 
protein fell from 6.83 to 4.25 Gm. per 100 cc., and there was no conspicuous 
chnical deterioration of the animals. We were struck bj- the small amount 
of potassium lost, a total of 72 mEq. of potassium over the fourteen daj’s, 

^ On November 5, there may have been a portion of urine discarded; even so, the 
ratio between nitrogen and phosphorus and potassium would probably be but little 
distorted; hence, the figures are given as thej’ stand. 
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have a_ piece of meat or a whole chicken boiled down for ns until all the 
“essence” was out of the meat. This was given to us for il.s restorative power. 
As a medical student, J.B.H. scorned the stuff, believing that its sole 
virtue lay in its sodium chloride content. For manj^ years meat extracts 
have been given bj^ practitioners to their convalescent patients and taken 
themselves with satisfaction. Testimonials by these physicians have 
generally been scoffed at or ignored by the scientific medical world. Broth, 
as ordinarily prepared for the table, contains approximately 25 mEq. 
potassium per liter; concentrated stuff such as our home-made meat stock 
must contain far more. In our laboratoiy, analysis of a well-known meat 
juice preparation (Valentine’s) showed it to contain 1,215 mEq, potassium 
to the liter. Four tablespoonfuls of this material contain almost as much 
potassium as does an ordinal-}'- day’s diet. 

A comment in passing, about the correction of abnormalities in the 
chemical anatom}^ of the plasma, wlien such are met. The usual impulse is 
to set about correcting all of them as soon as possible. One wonders if 
this may not sometimes be unwise. There are multiple factors at play 
which eventually fix the concentration of the various substances in the 
extracellular compartment. But ultimately the machinery of the kidneys 
and the cells of the rest of the tissues set the pattern, for the extracellular 
compartment is inert save for the red blood cells. It seems not unlikel}'- that 
under circumstances of depletion through illness or inanition, the structure 
within the cells ma}'- be so altered that an environment which we consider 
“normal” might in reality be very unsuitable. The indiscriminate ad- 
ministration of various materials into tlie system, be tliey plasma, sodium, 
chloride, phosphate or what not, in an effort to restore to the wswaZ plasma 
pattern, may, at times, actually put the cells at a greater disadvantage 
than that under which they already labor. Perhaps our advocacy of 
potassium as a therapeutic agent lays us open to a charge of this guilt. 
But if less concern were wasted on the extracellular environment and more 
on what this means in terms of the cellular situation and cellular needs, 
it seems likel}'- that our therapeutic procedures would be more efficacious. 

In closing it would be well to return to the initial remarks and repeat 
that in highlighting the metabolism of a single element, there have been 
ignored other and equally important intracellular constituents which are 
integrated in the highly complex intracellular mechanisms. Each of these 
probably deserves an equal amount of attention. As our knowledge grows, 
these remarks will doubtless seem inconsequential and immature. They 
are offered as a temporary glimpse of what will surely become a much 
broader -view, when researches in intermediary metabolism can be more 
closely correlated with clinical conditions. 
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not contain more tlian 7 inEq. potassium per liter. This will depend upon 
not only the concentration of potassium in the administered fluid but also 
the rate at which it is injected into the vein. Our patients have received so- 
lutions containing between 40 and 90 mEq. of potassium per liter at rates 
not greater than 12 cc. per minute (180 drops per minute). L'sually the 
rate has been about 120 drops per minute (8 cc.). With the more concen- 
trated solutions and rapid infusion rates, under emergency conditions, the 
cardioscope has been used for quick detection of possible InqDerkalemia. 
As a rule, the potassium salt, kept available in sterile 1 to 3 gram lots, is 
simply added to whatever infusion mixture seems otherwise most desirable, 
be it 0 or 10 per cent glucose, a protein iiydrolysate or some other solution. 
Even when so large an amount as 467 mEq. of potassium was given in 
eighteen hours (43), the concentration of potassium in the infusate did 
not at any time exceed the figures above, for the amount of fluid injected 
during the period was 10 liters. Circumstances may arise, as in the presence 
of heart failure, in which it would be necessary to use a more concentrated 
solution and less water; it would then be wise to inject the solution at a 
slower rate. 

There have been no personal experiences causing grief with this tyT)e of 
procedure over a period of five years, but there is no doubt that potassium 
salts should be used unth every precaution. A case in point has come to our 
attention. A patient was clearly suffering with hjqDokalemia, and the need 
for potassium was urgent. An overzealous physician injected intravenously 
witliin a few minutes a dose of potassium salt which should have been 
given during an hour or more. Wliile his colleague watched the cardioscope, 
the picture changed abruptly from that of low potassium to high potassium; 
and before injection could be stopped, the patient expired. 

However, our recent tendencies have been to give larger, rather than 
smaller, doses. When hj’pokalemia has appeared in these debihtated types 
of patients, the receptivity of the cells for the injected potassium has 
appeared to be very great; and as shown in the preceding graphs, it has 
usually taken several days to “fill the stockpiles” before the serum potas- 
sium has returned to normal levels. In the face of any reduction of urinary 
volume, it' is well to go slowly; and frequent recourse to cardiography or 
serum potassium determinations is in order. 

A word as to the routine use of potassium salts in convalescence. A well- 
rounded average diet contains, of course, an abundance of potassium, 
90-125 mEq. per day. If one can eat beef steak arid potatoes, well and good, 
but in a weakened state after infections or operations, one is apt to turn 
against even such delectable modern rarities. Perhaps some of the long 
attested wtue of certain “home” and “folk” remedies lies in their content 
of potassium. "^Tien we were sick as children, our grandmothers would 



712 


JOHN EAGER HOAVARD AND RICHARD A. CAREY Volume 9 


23. Darrow, D. C.: Body fluid i)hysiology, Trnns. of Conference on Metabolic Aspects 
of Convalescence, llth meeting, Josiah Macy, Jr. Foundation, New York, Oct. 15- 
16, 1945, p. 46 IT. 

24. Darrow, D. C. : Body fluid p]i 3 '.siology: the relation of ti.s,sue composition to prob- 
lems of water and electrolyte balance, New England J. Med. 233: 91, 1945. 

25. Darrow, D. C.; Schwartz, R.; Iannucct, J. F., and Coville, F.: The relation of 
serum bicarbonate concentration to muscle com])osition, J. Clin. Investigation 27: 
198, 1948. 

26. Aitkbn, R. S.; Alrott, E. N.; Ca.stlkden, L. I. M,, and Y^vlker, M.; Observations 
on a case of familial periodic paral 3 'sis, Clin. Sc. 3: 47, 1937. 

27. Allott, E. N., and McArdle, B.; Further observations on familial periodic paraty- 
sis, Clin. Sc. 3: 229, 1937-38. 

28. Talbot, J. H., Periodic paral 3 '’sis, Medicine 20: 85, 1941. 

29. Goss, H.; Cherkasky, jM. C., and Savitsicy, N.: Potassium and periodic paral 3 Tis — 
a metabolic stud 3 ’' and ph 3 ’^siological considerations, Medicine 27: 105, 1948. 

30. Thorn, G. N., and Firor, \Y. M.: Desoxycorticosterone acetate therap 3 ’’ in Addi- 
son’s disease — clinical considerations, J.A.M.A. 114: 2517, 1940. 

31. Broavn, M. R.; Currens, H. H., and Marchand, J. F.: Muscular para^^sis and 
electro-cardiograi)hic abnormalities resulting from potassium loss in chronic neph- 
ritis, J.A.M.A. 124: 545, 1944. 

32. Sherry, S., and Eichna, L.: Low potassium syndrome in chronic nephritis. Pre- 
sented at Interurban Clinical Club, New York, April 3, 1948 — to be published. 

33. Benedict, F. G.: A stud 3 '’ of prolonged fasting. Publication No. 203, Carnegie In- 
stitute of AA'^ashington, 1915. 

34. Gamble, J. L.; Ross, G. S., and Tisdall, F. F.: Metabolism of fixed base during 
fasting, J. Biol. Chem, 57: 633, 1923. 

35. Howard, J. E.; BiGHAar, R. S.; Eisenberg, H.; Y’’agner, D., and Bailey, E.; 
Studies on convalescence. IV. Nitrogen and mineral balances during starvation and 
graduated feeding in healthy 3 '’oung males at bed rest, Bull. Johns Hopkins Hosp. 
78:282,1946. 

36. Duncan, L. E., Jr.; Meyer, R. J., and Howard, J. E.: Mineral balance during 
brief starvation. The effect on serum electrolytes and mineral balance of maintaining 
the intake of certain mineral constituents, J. Clin. Investigation 27: 389, 1948. 

37. Howard, J. E., and Bigham, R. S.. : Albright, F.; Reifenstein, E. C., and Forbes, 
A. P. : Relation of potassium to nitrogen during anabolism and catabolism of proto- 
plasm. Trans, of Conference on Metabolic Aspects of Convalescence, llth meeting, 
Josiah Macy, Jr. Foundation, New York, Oct. 15-16, 1945. 

38. Stewart, J. D., and Rourke, G. M,: The effects of large intravenous infusions on 
body fluid, J. Clin. Investigation 21: 197, 1942. 

39. Howard, J. E., and Mason, R. E.: Trans, of Conference on Metabolic Aspects of Con- 
valescence, 13th meeting, Josiah Macy, Jr. Foundation, Woods Hole, June 10-11, 
1946, p. 145. 

40. Gamble, J. L.: Chemical anatomy, physiology and pathology of extracellular fluid. 

A lecture S 3 dlabus, Department of Pediatrics, Harvard Medical School, 1941. 

41. Gov AN, D. C., Jr., and Darrow, D. C.: The use of potassium chloride in the treat- 
ment of dehydration of diarrhea in infants, J. Pediat. 28: 541, 1946. 

42. Atchley, D. W.; Loeb, R. F.; Richards, D. W., Jr.; Benedict, E. M., and Dris- 
coll, M. E. : On diabetic acidosis — a detailed study of electrolyte balances following 
the withdrawal and reestablishment of insulin therapy, J. Clin. Investigation 12: 

297, 1933. 



August, 


POTASSIUM IN THERAPY 


711 


REFEItEXCES 

1. Fenx, IV. 0.:' Potassium in physiological proccssc.s, PInjsiol. Rev. 20: 377, 1940. 

2. Foek, B. P.: ZiKUEEn, K. L., and Liuenth.\j,, .T. L., Jr.: Distribution of potassium 
and sodium between serum and certain extracellular fluids in man, Am . ./. Physiol. 
153: 3S1, 194S. 

3. M.vrtix, L.; How.xun, J. E., and EisKxnKRG, H.: Unpubli.shed data. 

4. Ringkr, S., and MuuREnn, W.: Concerning the cfTccts on frogs of arrest of the cir- 
cidation. and an explanation of the action of potash salts on the animal body, J. 
Physiol. 1: 72, 1S7S. 

5. Keith, X. M.; Iving, H. E., and Osteriierg, A, E.: Serum concentration and renal 
clearance of potassium in severe renal insufiiciency in man, Arch. Int. Med. 71: G75, 
1943. 

C. Finch, C. A., and M.\rch.\nd, J. F.: Cardiac arrest by action of potassium, .4 m. 
J. M. Sc. 206: 507, 1943. 

7. Keith, X. M.; Bercheli., H. B., and Baggenstoss, A. H.: Electrocardiographic 
changes in uremia associated with high concentration of serum potassium; report 
of 3 cases, .4m. Heart ,J. 27: 817, 1944. 

S. March.xnd, j. F., and Finch, C. .A.: Fatal spontaneous potassium intoxication in 
patients with uremia. Arch. Int. Med. 73: 384. 1944. 

9. Finch, C. A.; S.xwyer, C. G., and Feynn, J. M.; Clinical sj-ndrome of potassium 
intoxication, .4m. .7. Med. 1: 337, 1946. 

10. Winkler, A. W.; Holt, H. E., and Smith, P. K.: The toxicity of orally administered 
potassium salts in renal insufficiency, J. Clin. Investigation 20: 119, 1941. 

11. Tho.mson, W. a. R.: Effect of potassium on heart in man, Brit. Heart J. 1: 269, 1939. 

12. Winkler, A. W.; Holt, H. E., and Smith, P. K.: Electrocardiographic changes and 
concentration of potassium in serum following intravenous injections of potassium 
chloride, .4m. J. Physiol. 24: 478, 1948. 

13. Bellet, S., and Dyer, W. W.: The electrocardiogram during and after emergence 
from diabetic coma, .4m. Heart J. 13: 72, 1937. 

14. X.\DLER, C. S.; Bellet, S., and Banning, M.: Influence of the serum potassium and 
other electrolytes on the electrocardiogram in diabetic acidosis, .4m. J. Med. 5: 838, 
1948. 

15. M.artin, H. E., and Wertm.an, M.: Electrohde changes and the electrocardiogram 
in diabetic acidosis. Am. Heart J. 34: 646, 1947. 

16. T.\R-«l, R.: Relation of abnormalities in concentrations of serum potassium to 
electrocardiographic disturbances. Am. J. Med. 5: 828, 1948. 

17. Orent-Keiles, E., and McCollum, E. V.: Potassium in animal nutrition, ,] . Biol. 
Chem. 140: 337, 1941. 

IS. Follis, R. H.; Orent-Keiles, E., and IMcCollum, E. V.: Production of cardiac le- 
sions in rats by a diet extremely deficient in potassium, Am. J. Path. 18: 29, 1941. 

19. Loeb, R. F.: The adrenal cortex and electroh’te behamor, Bidl. New York Acad. 
Med. 18: 263, 1942. 

20. D.^rrow, D. C., and VIiller, H. C.: The production of cardiac lesions by repeated 
injections of desoxj-corticosterone, J. Clin. Investigation 21: 601, 1942. 

21. C.vRNES, W. H.: Personal communication. 

22. Miller, H. C., and D.vrrow, D. C.: Relation of muscle electrolyte to alterations in 
serum potassium and to the toxic effects of injected potassium chloride. Am. J. 
Physiol. 130; 747, 1940. 



CHANGES IN CIRCULATING EOSINOPHILS IN 
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V ARIATIONS in tiie number of circulating eosinophils were noted 
as earlj'' as 1910 by Dunger (1) who first devised an accurate method 
for counting these cells. A marked rise in the number of eosinophils is 
associated with many pathologic conditions. However, a decrease in the 
eosinophil count has been regarded as of little importance. As an example, 
the recently published textbook on disorders of the blood by Whitby and 
Britton (2) attaches no significance to eosinophil counts under 400 per 
cubic millimeter. However, Schilling (3) described an eosinopenia in the 
course of acute infections and regarded the failure of the eosinophils to 
return to the circulating blood as a grave sign. 

Renewed interest in circulating eosinophils followed the report of 
Dougherty and White (4), who demonstrated that pituitary adrenocortico- 
tropic hormone (ACTH) injected into rats produced an increase in the 
circulating neutrophils and a decrease in lymphocjdes.Tliey induced similar 
changes by the injection of ll-dehj'^droxy and U-hydrox}'- corticosterone. 
De la Baize, et al. (5) found that in patients with Cushing’s sjmdrome 
there was a leucocytosis and neutrophilia with a relative Lmiphopenia 
whereas in patients with Addison’s disease there was a relative neutropenia 
and lymphocytosis. 

Forsham and his associates (6) reported that ACTH produces a fall of 
cii’culating eosinophils in patients with normal adrenal cortical function. 
Patients with Addison’s disease failed to show this response. These investi- 
gators observed that the fall in circulating eosinophils was approximately 
twice as great as the drop in lymphocytes and, since the difference in 
response between Addisonian and non-Addisonian individuals was clear- 
cut, the number of circulating eosinophils is the more sensitive indicator 
of adrenal cortical function. Thorn and his associates (7) reported that 
epinephrine reduced the circulating eosinophil count in normal individuals 
but failed to do so in patients Avith adrenal cortical failure. 

The adrenal gland undoubtedlj^ plays an important role in the repro- 
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onset of contractions early in labor when the cervix was about 5 or 6 centi- 
meters dilated, at the onset of the second stage, and immediately post- 
partum. Further blood samples were obtained on the first, third, fifth and 
ninth postpartum days. 

RESULTS 

Normal women . — Eosinophil counts were made in 100 carefully selected 
normal individuals. This group was used to establish normal values in 
women during their reproductive years. There were marked variations in 
the total white counts among the individuals of this group, but repeated 
counts in the same individual showed very consistent results. The white 
count varied from 4,750 to 12,500, within the accepted normal range. The 
mean percentage of eosinophils was 2.3 (Fig. 1). 



DAY OF CYCLE 

Fig. 2. Circulating eosinophil counts during a typical menstrual cycle. Note the drop 
in eosinophils about the time that the body basal temperature shifts from the low pre- 
ovulatory level to the elevated luteal level. There is a tendency for the count to be lower 
in the luteal phase. 

The menstrual cycle . — Variations in circulating eosinophils were studied 
in 8 normal young women. The ovarian cycle was followed by means of 
basal body temperatures in order to determine the period of ovulation. 
Two constant findings were present in all these individuals : 1) a drop in the 
number of circulating eosinophils occurred consistently at the time of 
ovulation, as indicated by the rise in body temperature, and 2) the counts 
were lower during the luteal phase than during the follicle phase (Fig. 2). 
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ductive finiction. There is ample evidence tliat adrenal cortical activity is 
intimatelj' associated with the pituitarj’’ and gonads. Tlie demonstration 
of the relationship between adrenal cortical function and circulating eosino- 
phils prompted this studj'. 


JtETHOn 

White blood cell and eosinophil counts were made from oxalated venous 
blood. The cells Avere counted immediatelj' but if this was not feasible, 
they were stored in the icebo.x. The o.valate tubes AA-ere prepared b}' the 
method of Forsham, cl al. (6), and a LcA'y counting chamber which has a 
depth of 0.2 mm. and a ruled area of 16 sq. mm. Avas used. 

Serial determinations were made in as many patients as possible. The 
number of circulating eosinophils during labor was calculated before the 



Fig. 1. The total white cell and circulating eosinophil counts in 100 normal young 
women. The eosinophils averaged 2.3 per cent of the total white count. 
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The leucocytosis of pregnancy has disappeared completely six weeks after 
delivery. 

The most striking change in tlie number of circulating eosinophils occurs 
during labor, and consists of an eosinopenia, The first significant mani- 
festation of this change is exhibited during the first stage. The eosinopenia 
becomes progressively more marked during the second and third stages of 
labor, reaching an almost total eosinopenia in the immediate postpartum 
period. The complete disappearance of circulating eosinophils during the 



Fig. 4. The total white cell and circulating eosinophil counts of the group of patients 
followed during pregnane}’-, labor and the postpartum period. The most striking change 
is the eosinopenia which develops during labor, reaching a total eosinopenia at the end 
of labor in more than half the patients. The eosinophil count returns to the normal by 
the end of the third postpartum day. 
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Pregnant icnnicn . — Determinations were made on 300 normal patients 
at various periods in tlieir gestations. There was no change in the circulat- 
ing eosinophil count as tlie pregnancy advanced. Thus, the period of the 
gestation did not influence the count. However, a leucocytosis is present 
in pregnancy. The mean total white count is increased from an average 
of 7,700 in the nonpregnant individual to a mean of 9,750 in the gra-vid 
woman. There is also a relative eosinopenia, the decrease averaging .53 
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WEEKS Of GLSTATtON 


Fig. 3. Total white cell and circulating eosinophil counts in 300 pregnant women 
throughout gestation. The mean total white count was 9,750 compared with a mean of 
7,700 in the nonpregnant control group. There is a relative eosinopenia in pregnancy 
averaging 0.9 per cent, compared with 2.3 per cent in the control group. However, the 
eosinophil count remains relatively constant in relation to the total white count, although 
there is an increasing leucocjdosis as pregnancy progresses. 

per cent when the nonpregnant and pregnant groups are compared. The 
calculated percentage of eosinophils decreased from 2.3 for the nonpregnant 
to 0.9 per cent for the pregnant group (Fig. 3). 

The leucocjdosis present during pregnancy increases rapidly during 
labor. The peak of this rising curv'e is reached in the immediate postpartum 
period, returning to preparturition levels by the ninth po.stpartum day. 
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labor. She was delivered of twins about six hours later. Counts were made 
one hour after the convulsion, immediately postpartum, and eight hours 
after her delivery. A total eosinopenia was present throughout this period. 
The eosinophils returned to the blood stream in appreciable numbers at 



Fig. 6. Circulating eosinophil counts in 10 patients subjected to gynecologic surgical 
procedures. Note the marked eosinopenia which reached the low level three to six hours 
after surgery. The count did not return to normal for twenty-four hours. 


the end of her first postpartum day, and normal values were reached by the 
third day. 

Surgical operations unrelated to pregnancy . — In order to assess the role 
of the surgical phase of Cesarean section, 10 patients scheduled for gyneco- 
logic surger}'’, varying from a dilatation and curettage to complete hyster- 
ectomy, were studied. Counts were made before, during and after surgery, 
and on the first, third, fifth and ninth postoperative days. 
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final phase of parturition is exceedingb”^ significant. The eosinophil count 
returns to the normal level by the end of the third postpartum day. The 
eosinophil response to labor is much more sensitive than the total white 
count, since the latter has not always returned to the normal nonpregnant 
level at the ninth postpartum day (Fig. 4). 

Eight patients scheduled for elective Cesarean sections under local and 
general anesthesia were followed by means of eosinophil counts made on 
the first, third, fifth and ninth postoperative days. These women developed 
the same eosinophil response observed in the large group of women 
deUvered naturally. The eosinopenia in women delivered abdominally 



Fig. 5. Eosinophil counts in a patient with eclampsia. Note the almost total eosin- 
openia during and after the convulsive seizure and during the labor which followed. The 
return of the normal number of eosinophils to the circulation was delaj'ed beyond the 
third postpartum day. 

lasted a somewhat longer time than in the women delivered through the 
pehds. The return to the normal values was postponed until the third 
postpartum day. 

Eclampsia . — An opportunity was pro^dded to study the eosinophil 
response in this important pregnancy comphcation in 2 patients. The 
fii’st patient was not in labor when she had a comnilsion. The circulating 
eosinophils disappeared completely during this seizure. She improved 
chnicallj'' during the next twenty-four hours, and the eosinophils returned 
•to the circulation in small numbers. The induction of labor was followed 
b 3 ’- their complete disappearance a second time. The return of a normal 
number of circulating eosinophils following deliverj”- was considerably 
dela^i^ed (Fig. 5). 

The second patient had her convulsion during the active first stage of 
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DISCUSSION 

The changes in the circulating eosinophils during the ovarian cycle is 
noteworthy. The number of cycles followed is too few to draw any accurate 
conclusions. However, the drop in circulating eosinophils has coincided 
with the period of ovulation consistently in all the cycles studied and 
appears significant. There is a tendency for the counts to be lower in the 
luteal phase than in the follicle phase. It is possible that ovulation itself 
may be a more profound physiologic stress than we have thought previously. 
The changes noted may indicate a sensitive gonadal pituitary adrenal 
balance. 

Pregnancy is accompanied by an increase in the number of leucocytes 
and a decrease in circulating eosinophils. This relative eosinopenia is statisti- 
cally significant. The stress of labor and delivery results in a rapid decrease 
of eosinophils reaching an absolute eosinopenia in many patients. These 
changes probably represent increased adrenal cortical activity, long con- 
tinued during pregnancy, reaching a climax during parturition. Further 
studies are in progress which may demonstrate that these changes during 
reproduction have their origin in increased pituitary activity resulting in 
an increased production of ACTH, which, in turn, stimulates the adrenal 
cortex to secrete more cortical steroids. 

Eclampsia is a complication of pregnancy that may have its origin in 
abnormal steroid metabolism. The absolute eosinopenia which developed 
during the convulsive seizures may represent sudden stress and compensa- 
tory adrenal cortical activity, perhaps mediated through the pituitary 
gland, or it may be an expression of abnormal glandular function. Pre- 
eclampsia and eclampsia deserve further study in this light. 

Surgical intervention represents trauma, and the eosinopenia is the 
natural adrenal cortical response (Selye’s “alarm reaction” (8)). The 
sensitiveness of the reaction is extremely interesting. Anesthesia seems to 
influence the eosinopenia very little, for similar responses were provoked in 
surgical procedures carried out under a variety of local and general anes- 
thetic agents. 

The role of the adrenal cortex during periods of stress has been known 
for many years. Numerous experimental and clinical observations indicate 
that the adrenal cortex secretes 11-oxysteroids as a protective mechanism 
during prolon'ged physical exertion, anoxia, exposure to cold or trauma, 
starvation and infection. These cortical steriods can be measured. Further- 
more, adrenalectomized animals and patients with adrenal failure have a 
decreased tolerance to stress which can be increased by the administration 
of adrenal cortical extracts. 

Thorn and his co-workers (7) demonstrated that the injection of ACTH 
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Preoperative counts were significantly higher than those observed in 
pregnancy. Following the operation, there occurred a profound drop of 
the eosinophil count reaching zero in half the patients. The lowest level 
of the eosinopenia was reached within three to six hours after the operation, 
and the extent of the drop varied with the magnitude of the surgery. The 
eosinopenia persisted for about twenty-four hours and the count did not 
return to the normal until the third postoperative day (Fig. 6). 



Fig. 7. The influence of moderate phj'sical exertion on the white count and the cir- 
culating eosinophils. Moderate exercise results in a rise in the total number of white cells 
and eosinophils but the percentage of eosinophils remains constant. 


Exercise . — The influence of physical exertion on the circulating eosino- 
pliils w^as demonstrated in 4 subjects. They were allowed to run around a 
square block at a brisk rate. Counts were made before, immediatel}^ after, 
and one hotrr after this exertion. There was a striking rise in both the total 
white cell count and the eosinophil count following exercise. The percentage 
of eosinophils remained relatively constant (Fig. 7) . 
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offered a method of ascertaining tlie function of tlie adrenal cortex. In 
the normal subject, the injection of ACTH is follo^Yed by a prompt fall 
in the number of circulating eosinophils and a rise in the acid-creatinine 
ratio in the urine. These effects are negligible in the presence of adrenal 
cortical failure. Recant, Forsham and Thorn (9) extended the usefulne.ss 
of this observation by noting that the administration of epinephrine to 
normal animals produced an increase in adrenal cortical activitj", but this 
re.sponse was absent in the. In-pophysectomized animal. This action pre- 
sumably stems from the stimulation of pituitary function by the epine- 
phrine and the subsequent release of ACTH, which in turn stimulates 
adrenal cortical acti^^ty. Tims, relatively simple methods are available 
not only for the detection of primary pituitary and adrenal disease, but 
they may be applicable in uncovering transient adrenal impairment as a 
result of surgical or obstetrical procedures. 

These studies reveal that labor produces a period of physiologic stre.ss 
which is easily combatted by normal adrenal function. Serious compli- 
cations of pregnancy, such as eclampsia, produce more marked changes. 
It is possible that some of the previously une.xplained states of shock in 
pregnancy and labor may rvell have their origin in transient pituitarj' or 
adrenal cortical failures. Their diagnosis and treatment should be facilitated 
bj' our new knowledge. 


SUMMARY 

The numbers of circulating eosinophils were determined in normal 
women during the various phases of the ovarian cycle, during pregnancjq 
delivery and the postpartum period, during and following Cesarean section 
and gynecologic operative procedures in eclampsia and following moderate 
physical exertion. A correlation of circulating eosinopliils and the ovarian 
cycle was demonstrated. Pregnancy results in a leucocjd;osis and a relative 
eosinopenia. Labor is associated with an increasing eosinopenia so that 
delivery is often climaxed by a total absence of circulating eosinophils. 
Eclampsia and surgical procedures are characterized by a marked or ab- 
solute eosinopenia. The significance of these ph 3 ''siologic changes is dis- 
• cussed. 
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more effective sublingually than orall}'^ on the basis of vaginal smear 
changes. The}^ concluded tliat stilbestrol was twice as effective when given 
intramuscularly (0.5 mg. being equivalent to 1.0 mg. orally) in this '‘human 
assay.” Shorr (9) reviewed the advantages of vaginal smear studies and 
made some comparisons of orall}^ administered estrogens. He noted an 
equivalent response to ethinyl estradiol, 0.2 mg.; diethylstilbestrol, 2.0 
mg. ; and monomethylstilbestrol 4.0 mg., when these doses were given daily 
for an unstated interval. He also found that 2.0 mg. of stilbestrol orally 
was equivalent to 0.5 mg. estradiol benzoate intramuscularly. Allen (10) 
determined the minimal doses that would induce bleeding in castrate 
women. On the basis of this endometrial response, he found that an oral 
dose of ethinyl estradiol, 0.4 mg., was equivalent to 3.0 mg. of stilbestrol. 
This ratio of 1 to 7.5 compares favorablj'' with Shorr’s ratio of 1 to 10. 
Allen also determined that stilbestrol, 3.0 mg., orally, was equivalent to 
1.0 mg. of estradiol benzoate intramuscularl 5 ^ This 3:1 ratio approximates 
the 4 to 1 value of Shorr but differs from the 1.0 to 0.8 findings of Stoddard 
and Metzger, 

Ryden (11) compared the estrogen effect in 8 castrate>women, using 
weekly endometrial biopsies, and concluded that Dinestrol injected intra- 
muscularly was 5.7 times as effective as when given orally. Dinestrol and 
estradiol benzoate were equivalent in potency when given intramuscularly. 

The purpose of this studj'' was to determine the minimal effective dose 
of various estrogens as revealed by changes in the vaginal smears of 
postmenopausal women. 


MATERIAL AND METHODS 

Estrogens available on the market as well as some special preparations 
were used. When given orally, they were administered daily for ten days, 
following the pattern set by Stoddard and Metzger. Intramuscular prepa- 
rations were given as single injections. Stilbestrol tablets were purchased 
from the local pharmacy. Crystalline stilbestrol furnished by Smith-Dorsey 
was made up in sesame oil (5 mg./cc.) and so diluted that each test dose 
was given in 1 cc. of oil. Estrone (Theelin-In-Oil) was furnished by Parke, 
Davis & Co. in ampoules of 10,000 i.tj. (Lot No. 3165625) for intramuscular 
use, and in gelatin capsules containing 5,000 i.u., for oral administration. 
The mixture of estrone and estriol (Theelin and Theelol, 0.5 mg. of each 
in oil per gelatin capsule), estriol (Theelol, 0.25 mg. per Kapseal, Lot No. 
F326F), and the mixture of natural estrogens (Menagen xl947 in tablets 
containing 10,000 i.u.) were also furnished by Parke, Davis & Co. An 
aqueous suspension of crystals and an oil solution of mixed estrogens 
(Estrogenic Substances) were furnished by Smith-Dorsey. Aqueous suspen- 
sions of large and small crystals (RB 134-44 and RB 134-43) of natural 
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L ABORATORA’ assaj' methods have proven inadequate to determine 
the relative clinical potency of the various estrogens. By rat assay, 
the apparent potency of estrone varies with the number of injections and 
the vehicle in which the hormone is injected. Laqueur (1) found the rat 
unit of estrone equivalent to 10 to 16 international units, but Rowe and 
Simond (2) obtained a value of onW 3 or 4 international units. Estradiol 
benzoate is approximate^' ten times as potent as estrone when assayed 
in the rat, but only four times as potent (Laqueur) or of equal activ- 
ity (Rowe and Simond (3)) when tested in the mouse. The outstanding 
example of misleading laboratorj' assay is the discrepancy between rat 
assays and clinical trials of the methyl ether of bis-dehjndo-dois>molic 
acid. In the rat, this compound when given subcutaneously is more active 
than estradiol, whereas, clinically it is practically inert (Segaloff (4, 5)). 

Since 1941 many studies on the amounts of various estrogens necessary 
to relieve subjective menopausal symptoms have appeared, but relatively 
few authors have used objective criteria to compare different estrogens, 
or the same estrogen by different routes. Mack and Ale (6) by daily vaginal 
smears from a group of women demonstrated that estrone would restore 
glycogen to the vaginal epithelium. The smallest dose employed was 5 mg. 
There was no appreciable difference in effect, except that the oral dose 
produced a less sustained response. Stoddard and Metzger (7) studied 
vaginal smears taken tMce weekly before, during and after ten-day treat- 
ment intervals. By intramuscular administration, estradiol benzoate was 
only twice as effective as estrone. Furthermore 0.4 mg. estradiol benzoate 
intramuscularly was equivalent to 0.5 mg. diethylstilbestrol given orallj'. 
Castrodale, Loeffel and MacBryde (8) found that stilbestrol was no 
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Fig. 1. Graphic representation of tlie vaginal smear clianges induced by various 
doses of stilbestrol given orall 3 '’ for ten da 3 ’^s. Tliese observations were successive tests 
made on the same group of patients. 

parison due to difference in duration of administration of the estrogen 
by the two routes. Castrodale, Loeffel and MacBiyde found the potency of 
the oral dose to be only twice that of the intramuscular when daily doses 
were administered in each instance. 

Estrone (Theelin-In-Oil) given orally to 16 women in doses of 2.0 mg. 
and 1.0 mg. daily produced equally marked changes in the average smear 
grading (Fig. 3). Again, as after stilbestrol, five or six weeks elapsed before 



Fig. 2. Graphic representation of the vaginal smear changes induced by an intra- 
muscular injection of stilbestrol in 1 cc. of oil. These observations were made on 12 
patients remaining from the original group of 19 who were given stilbestrol orally. 
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estrogens and oily solutions of trimethjd estradiol acetate (Estrotate, 
Lot No. RB 11-lD), in concentrations of 0.33, 0.50, 1.0 and 1.66 mg./cc. 
were furnished by Lakeside Laboratories. 

The subjects were postmenopausal women housed in the Iowa State 
Hospitals and were selected because they showed atrophic vaginal smears. 
Groups of at least 10 and usually 15 to 20 women were given the same dose 
of an estrogen and the degree and duration of vaginal responses were noted. 
The women were given a large “priming” dose of estrogen (5 mg. of stil- 
bestrol or 4 mg. of a natural estrogen), and when the smears had regressed 
to their original stage, usually after four to six weeks, a test dose was given. 
When this test dose produced a definite response it was reduced one-half 
and the next trial made after the vaginal smears had regressed again. 
In this procedure, the large doses sufficed to “prime” the subject for the 
subsequent reduced dose. When a dose was reached which induced a very 
minor response or none at all, it was concluded that the minimal effective 
dose had been determined. 

Smears were obtained weekly by inserting a moist cotton swab into the 
vagina. Then the swab was rolled over a slide and the smear allowed to dry 
in the air. These were examined as dry, unstained preparations under a 
low power objective. 

Smears were recorded in four grades: Grade 1, an atrophic stage with 
only small basal epithelial cells and leukocjdes. Grade 2, predominantlj’- 
intermediate cells characterized by large, round cells with large, vesicular 
nuclei. These cells may contain considerable glycogen as demonstrated by 
the iMack iodine vapor stain method. Grade 3, early stages of cornification 
with many leukocjdes. Grade 4, fully cornified smear vith very few leuko- 
cjdes. 


EXPERIMEKTAL 

Ail oral dose of 2.5 mg. diethjdstilbestrol per day for ten days increased 
the average grade of the vaginal smears of 22 women from 2 to 3.5 and 
then it regressed in the next three weeks (Fig. 1). One milligram oraUy per 
daj’’ produced very similar results but 0.5 mg. per day produced only half 
the rise in smear grading, and tliis was judged as a minimal dose. 

Diethjdstilbestrol was then administered intramuscularly to 19 women. 
A single injection of 5.0 mg. produced a marked response and it was five 
weeks before the vaginal smears returned to their initial stage (Fig. 2). 
A single dose of 2.0 mg. gave nearlj’" as great a . response, whereas 1.0 mg. 
produced definite but minor responses and 0.5 mg. was ineffective. 

From these findings, it appears that a single intramuscular dose of 1.0 
mg. of stilbestrol produces a response similar to that induced by 1.0 mg. 
orally per da^*^ for ten da^’^s. Possibly this ratio of 1 : 10 is not a fair com- 
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induce withdrawal bleeding. He found tliat tlie effective oral dose of estrone 
was ten times larger than that of stilbestrol (31.5 mg. per week for estrone 
as compared to 3.0 mg. per week for stilbestrol). 

Estrone (Theelin-In-Oil) given intramuscularly produced marked 
changes in the vaginal smear when given in a single dose of 4 mg. or 2 mg. 
(Fig. 4). A dose of 1.0 mg. did not induce any distinct rise in vaginal corni- 
fication but the initial grading for the group was higher than usual. The 
test should be repeated at the 1.0 mg. dose level but it seems probable 
that it will be about the minimal effective dose, since the response to 1.0 
mg. of stilbestrol is veiy similar to that of 2.0 mg. of estrone, whereas 0.5 
mg. of stilbestrol was without effect. 

Estriol (Theelol) given orally (1 mg, per day) induced no demonstrable 



Fig. 5. Graphic representation of the vaginal smear changes resulting from the oral 
administration of natural estrogens (Menagen) for ten da 3 ’'S. The curves showing the 
response to stilbestrol are transferred from Figure 1. 

effect on the vaginal smear (Fig. 3). This ineffectiveness of estriol was 
further manifested by the failure of estriol to exert any additive effect 
over that obtained with estrone alone. This lack of effect of oral estriol 
is in marked contrast to the experimental findings in rats. Rowe and 
Simond found that it required 5 micrograms of estrone (15 subcutaneous 
rat units) to produce an effect w^hen given orally, whereas only 3.0 micro- 
grams of estriol (3 subcutaneous rat units) induced an estrous smear when 
given orally. On a rat-unit basis, estriol was five times as potent as estrone 
for oral use but on a weight basis (3.0 micrograms were equivalent to 

5.0 micrograms) the • advantage was more apparent than real. Even 
this slight advantage of oral potency of estriol in rats does not appear 
to have any clinical application, 1.0 mg. of estriol being ineffective, whereas 

1.0 mg. of estrone produced a maximal response. 

The mixture of natural estrogens occurring in pregnant mare’s urine 
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ESTRONE a ESTRIOL 



Fig. 3. Graphic representation of the vaginal smear changes resulting from the oral 
administration of estrone, estriol, and estrone with estriol for ten days (Theelin and 
Theelol-Parke, Davis & Co.). The two tests with the 1 mg. dose of estrone are plotted for 
comparison. At these dose levels, estriol was ineffective by itself and had no additive 
effective when given together with estrone. 


the smears regressed to their former grades. Tilien 0.5 mg. was given, the 
response was neither as great nor as prolonged, so that 0.5 mg. appeared 
to be about the minimal effective dose. These findings confirm those of 
Mack and Ale that estrone is effective when given orall 3 ^ Furthermore, 
estrone appears to be as effective as stilbestrol. milligram for milligram, 
when given orally. These findings on changes in vaginal smears are in 
marked contrast to those of Allen, based on minimal doses required to 



Fig. 4. Graphic representation of the vaginal smear changes following an 
intramuscular injection of estrone (Theelin-In-Oil). 
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Fig. 7. Graphic representation of the vaginal smear changes induced by an intra- 
muscular injection of aqueous suspensions of large and small crystals of natural estrogens 
(Lakeside Laboratories). The curve showing response to an oil solution is transferred 
from Figure 6. 

Wisconsin. It seems probable that even the large crystals were so smal^ 
that the relative difference in size was not sufficient to change their rate of 
absorption appreciably since their effect was not prolonged over that of 
an oily solution. Both sizes would have been graded as fine crystals by 
Miescher, Gasclie, and Frey (12) who list less than 50 microns as fine 
crystals, 50 to 150 microns as medium and 150 to 250 microns as coarse. 
They also found that flat platelet crystals are more quickly absorbed due 
to their relatively greater surface area per unit of volume. 

The most potent estrogen encountered in this study was trimethyl 
estradiol acetate (Estrotate-Lakeside). The dose was reduced from an 
initial 3.3 mg. to 0.5 mg. without any marked decrease in response (Fig. 8); 
A dose as low as 0.16 mg. still produced an effect greater than that following 



Fig. S. Graphic representation of the vaginal smear changes following an injection 
of trimeth 3 d estradiol acetate (Estrotate-Lakeside). 
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(approximately 90 per cent estrone) ivas tried in several forms by oral and 
intramuscular routes. An oral preparation (Menagen) was given at two dose 
levels. Tlie change in vaginal smear grading in 1 1 women given 2 capsules 
(20,000 i.u.) daily was similar to that induced by 0.5 mg. of stilbestrol 
(Fig. 5). In this instance, it is not po.ssible to make a weight comparison. 
However, it has been shown that stilbestrol subcutaneousl}" bj" rat assaj’- 
is about 2.5 times as potent as estrone (25,000 i.u. as compared to 10,000 
I.u. per mg.). On this basis, the human response to oral administration of 
these two substances sliows a good correlation with their respective 
estrogenic potencies in international'Unit equivalents. 

The natural mixed estrogens were given intramuscularly as aqueous 
suspensions of crystals and as oily solutions. An aqueous suspension of 
crystals (Smith-Dorsey) was given at two dose levels, 40,000 i.u. and 20,000 


MIXED ESTROGENS 



Fig. 6. Graphic representation of the vaginal smear changes induced bj’' an intra- 
muscular injection of natural estrogens (Smith-Dorsej') as aqueous suspensions of crys- 
tals and in oily solution. 

I.U, The larger dose produced a somewhat greater and more prolonged 
response (Fig. 6) but there is little appreciable difference in degree or 
duration of response from 20,000 i.u. as crystals, compared to the same 
dose in an oily solution (Smith-Dorse30- comparison, the responses to 
2.0 mg. (20,000 i.u.) of estrone and 1.0 mg. of stilbestrol (25,000 i.u.) were 
almost identical to that of 20,000 i.u. of natural mixed estrogens in oil. 
Here again the effectiveness of the natural estrogens and stilbestrol were 
comparable on the basis of international-unit equivalents. 

Two sizes of crj^stals were used to determine whether larger crj'stals 
might prolong the effectiveness. Aqueous suspensions of large crj^stals and 
small cr 3 ’^stals were prepared 03 "^ Lakeside Laboratories. There was no 
appreciable difference in effect when given in 20,000 i.u. doses (Fig. 7). 
The average measurements of these cr 3 ’'stals in microns (large 10.62X7.7, 
small 8.7X4.0) were determined b 3 ’- Prof. V. W. Aleloche, Universit 3 ^ of 
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1. Estrone given orally in daily doses for ten days is as effective as stil- 
bestrol. 

2. Estrone given intramuscularl}'- in a single dose is about one-lmlf as 
potent as stilbestrol. 

3. Estriol in the oral dosage used (1 mg. per day) had no demonstrable 
estrogenic effect, wliereas estrone was effective. 

4. Natural estrogens (approximately 90 per cent estrone) are effective 
orally and compare favorablj'' with stilbestrol on an international-unit 
basis. 

5. Suspensions of crj'^stalline estrogens do not liave any apparent depot 
effect when the crystal dimensions are no greater than 10 microns. 

6. Estradiol (trimethyl acetate) produced maximal response in doses 
of 0.5 mg. intramuscularly and there was a minimal response following 
0.16 mg. intramuscularly. 

Addendum 

Since this article was written, assays of trimethyl estradiol acetate by the 
oral method have demonstrated maximal vaginal response in doses of 5.0 
mg., 2.0 mg., and 1.0 mg. daily for ten days, and considerable activity in a 
dose of 0.5 mg. daily. 
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0.5 mg. of stilbestrol. Thus by intramuscular injection, the trimethyl ester 
of estradiol acetate appears to be at least three times as potent as stil- 
bestrol in stimulating the vaginal epithelium of women. 

An unsuccessful attempt was made to study estrogen withdrawal bleed- 
ing. The subjects of this study were mental patients and their history of 
such bleeding was unreliable. The comments of the attendants were like- 
wise found to be unreliable. Though on many occasions blood was found on 
the vaginal smear, it was felt that the single weekly contact with these 
women xlid not give satisfactory data as to the incidence, amount, or 
duration of bleeding. 

Bleeding did occur in some members of each group when large doses were 
used and it is our impression that this sign was more frequent when oral 
medication was employed. Further studies on more cooperative subjects 
will be necessary to determine the uterine threshold, or withdrawal- bleeding 
requirements of these estrogens. 

DISCUSSION 

The reasons for the apparent differences in potency of estrogens in differ- 
ent species probably will be found in metabohc studies. The mouse seems 
unable to split the benzoate off the estradiol ester as readil}’’ as the -rat. 
The abilitj’- of the rat liver to inactivate estrogens may be gi-eater than 
that of the human (13). 

Hooker, Drill and Pfieffer (14) found that pellets of estrogen implanted 
in the spleen of the monkey were as effective as those implanted subcutane- 
ously. This is in marked contrast to the inactivation of estrogens injected 
into the spleen of rats (Segaloff). Clinical studies designed to test the 
relative effectiveness of estrone and of estradiol when given orallj^ or 
intramuscularly- in single or in dmded doses are necessary’- before the effect 
of the liver can be assessed. The fact that estriol is a form of estrogen 
peculiar to the human (it is excreted in the urine of pregnant women and 
has not been found in other species) makes it possible to rationalize species 
difference in response to this substance. Estriol should be tried in doses of 
5.0 or possibly 10.0 mg. per day to learn whether this excreted substance 
has anj^ estrogenic potency in women. The estrogenic action of the sjm- 
thetic nonsteroid substances will be an enigma until their metabolic break- 
down is known. 


SUMMAUT 

The species variation in response to various estrogens is so great that 
chnical evaluation of these substances is dependent upon trial in human 
subjects. When compared in postmenopausal women on the basis of the 
vaginal smear response it was found that : 



PROGESTERONE: A COMPARISON OF INTRA- 
MUSCULAR, ORAL AND SUBLINGUAL 
ROUTES OF ADMINISTRATION* 

WILLIAM BICKEE.S, M.D. 

Richmond, Virginia 

T he widespread use of progesterone in combination with estrogen in 
the cyclic steroid therapy of menstrual irregularities, together with its 
empirical use in the treatment of threatened and habitual abortion, makes 
urgent the need for effective progestational hormones, which may be ad- 
ministered other than bj'- injection. 

It is generally believed that progesterone itself is inactive when ad- 
ministered by the oral route to human patients. This belief appears to be 
based on several studies in animals. A search of the literature has failed to 
disclose that the oral efficac 3 '- of progesterone in human patients has ever 
actually been adequately studied. It was apparently on the basis of the 
animal studies that anhydrohydroxyprogesterone (Pranone, Progestoral, 
Lutocylol) was synthesized and is now exclusively used as the only effective 
nonparenteral type of progesterone therapy. 

In view of this, it was decided to investigate the sublingual and oral 
administration of progesterone itself in human patients. Actually the sub- 
lingual administration to human subjects of free progesterone has already 
been studied by Greenblatt (1). In 21 amenorrheic women the dose neces- 
sary to cause withdrawal bleeding was found to be from 125 to 150 mg. 
of progesterone. In the same study Greenblatt found the effective sublingual 
dose of anhydrohydroxyprogesterone to be 100 to 125 mg. — not a very 
striking difference between the two compounds. 

METHODS 

Patients with secondary amenorrhea associated with a persistent pro- 
liferative-phase endometrium were test subjects for this study. They 
varied in age between 19 and 27 years. 

A type of Corner-Alien progesterone test used for assaying progesterone 
in animals, was employed with these patients. They were primed with 
estrogen (4,000 i.u. Urestrin^ per day orally) for twenty days. On the last 
five days of the estrogen treatment they were then given the progesterone 

Received for publication February 22, 1949. 
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five days and of these, 2 had very scanty bleeding lasting less than an hour. 
Endometrial biopsy specimens taken twenty-four hours after completing 
treatment showed early progestational changes in 1 and no effect in 6 of 
the treatment cycles. There were 9 cycles in which 80 mg. daily in divided 
doses was given for five days and 1 of these was followed by four hours of 
uterine bleeding, not sufficient to require a vulva pad. Biopsy specimens 
taken within twenty-four hours on 4, and Avithin forty-eight hours on 5, 
showed transitional endometrium in 5 and full progestational effect in 4. 


Table 1. Sublingual progesterone therapy in patients primed with 
ESTROGEN (UrESTRIN), 4,000 I.U. ORALLY PER DAY FOR 20 DAYS. 


Dose of progesterone per 
day for last 5 days of es- 
trogen treatment (mg.) 

1 

No. of 
cycles 

i 

WithdraAval bleeding 

Endometrial biopsy 

50 

7 i 

2 cycles, scanty bleeding 

1 cj’-cle, early progesta- 
tional 

6 cycles, no effect 

j 

i 

9 

8 cycles, normal amount 
and duration 

1 C 3 ''cle, 4 hours’ dura- 
tion, scanty 

5 cycles, transitional en- 
dometrium 

4 cycles, full progesta- 
tional effect 

90 

! 

6 

5 cycles, normal amount 
and duration 

1 cj-’cle, 8-hour period 

1 cycle, full secretory ef- 
fect 

5 cjmles, progestational 
effect 


There were 6 cycles in which 90 mg. daily in divided doses Avas given for 
five days and in 1 of these a bleeding episode lasting about eight hours 
occurred. Endometrial biopsy on the day after completing the fiAm-day 
treatment course was compared Avith the biopsy prior to the onset of treat- 
ment in the patient Avho had the bleeding response, and it was found that 
the endometrium Avas conAmrted from a persistent proliferative type into a 
AA^ell developed secretory type. The other 5 biopsies showed eAudence of pro- 
gestational effect. 

There Avas 1 patient (M2182), aged 31, Avho had a secondary amenorrhea 
of eighteen months’ duration. During the first year of amenorrhea, cyclic 
uterine bleeding Avas induced AAuth stilbestrol-progesterone, stilbestrol 5 mg. 
dail}'- for tAA^enty days and progesterone subcutaneously in a dose of 10 
mg. on the fifteenth, twentieth and tAAfenty-fifth days of the cycle. This 
treatment AA-’as discontinued and the patient lapsed into a period of six 
months’ amenorrhea. She Avas then given Urestrin capsules (1 daily for 
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preparation. The progestational effect was determined by the amount of 
witlidrawal bleeding and bj’ endometrial biopsy. 

RESULTS 

Iniramxtscidar 'progesterone 

Prior to initiating this study or at some time during the study, it was 
shown that each of these IS patients was capable of responding to intra- 
muscular progesterone by the development of a progestational endometri- 
um. The degree of endometrial response was variable, some responding 
wth a well defined secretory endometrium to 5 mg. of progesterone daily 
for five daj'S, whereas one patient required a minimum of 10 mg. dail3' for 
nine days to produce the slightest endometrial response. A fair to good 
secretorjf response invariabl}' followed a dose of 10 mg. dailj’^ for five daj^s 
when preceded bj’ oral estrogen over a period of fifteen to twentj' daj'S. In 
all cases the progestational response was improved bj’ the preliminar 3 ' ad- 
ministration of estrogen. 

Withdrawal bleeding occurred in ever 3 * case primed with estrogen fol- 
lowed b 3 ’- five da 3 's of progesterone administration, but onl 3 ’^ 4 of 9 patients 
tested had ndthdrawal bleeding after progesterone alone. 

Daib' subcutaneous or intramuscular administration of progesterone in 
a dose of 10 mg. dail 3 ’’ for five da 3 's usuall 3 ^ induces progestational changes 
on the sixth da 3 ’’ from the onset of treatment. Larger doses than 10 mg. do 
not seem to accelerate nor potentiate the progestational response and a 
dose less than 10 mg. per da 3 '- for five da 3 *s is followed b 3 ’- variations in the 
degree of progestational changes. With the knowledge that 10 mg. of 
progesterone intramuscularly dail 3 '’ for five da 3 ’^s is approximate^ the mini- 
mal effective dose when given after priming with estrogen, it was adopted 
as the base line against which to project the results obtained from oral 
and sublingual administration. 

Sublingual progesterone 

Using patients from the preceding group after a rest period of at least 
three weeks since recehdng intramuscular progesterone and a minimum of 
seven weeks of amenorrhea, there were 12 patients with secondar 3 ’' amenor- 
rhea or oligomenorrhea of a functional nature treated b 3 ^ subhngual pro- 
gesterone alone (Table 1). The hormone was administered to these patients 
in doses var 3 dng from 5 to 8 linguets dail 3 '’ for five da 3 "s. Each linguet 
contained 10 mg. of pure progesterone, and the total of 50 to SO mg. was 
given in dirdded doses three times daily. None of these patients had uterine 
bleeding within sevent 3 ’--two hours after completing five da 3 ’’S of sublingual 
progesterone therap 3 ^. There were 5 patients studied in 7 c 3 'cles of treatment 
who received the hormone in a dose of 50 mg. dail 3 ' in di^dded doses for 
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conjunction with oral estrogen in the form of Urestrih, it was decided for 
purposes of comparison to start these patients on 80 mg. of anhydro- 
hydroxyprogesterone in a divided dose daily for five days, in conjunction 
with Urestrin. This was done, endometrial biopsy specimens being taken 
before treatment and on the day following the completion of the five-day 
treatment. There was withdrawal bleeding in 8 patients, but a study of 
the endometriums showed no evidence, of stimulation. Six of these patients 
were then studied during the oral administration of Urestrin daily for 
twenty days and 130 mg. of anhydrohydroxyprogesterone daily for five 
days on the last five days of Urestrin administration. Withdrawal bleeding 
occurred in 5, free bleeding in 4. Two patients who showed the maximum 
degree of uterine bleeding liad a well developed secretoiy phase endo- 
metrium; lesser progestational effect could be seen in the other tissues 
studied. Three of these patients were then subjected to the same treatment 
schedule except that the anliydrohydroxyprogesterone dose was increased 
to 250 mg. per day for five days. Endometrial response was excellent. It was 
concluded therefore that 80 mg. of sublingual progesterone was approxi- 
mately equivalent to 130 mg. of oral pregneninolone when used in conjunc- 
tion with oral estrogen therapy for the induction of uterine bleeding in 
amenorrheic patients. Six patients with secondary amenorrhea var 3 dng 
in duration for eight to twenty-four weeks Avere treated by the oral ad- 
ministration of 150 mg. of anhydrohydroxyprogesterone with the simul- 
taneous administration of estrogen. Uterine bleeding occurred in 5 of these 
patients, a transitional type of endometrium was found in 1, and a normal 
progestational endometrium in 4. 

There was 1 patient with amenorrhea of twent}'^ months’ duration in 
whom withdrawal bleeding had previously been produced by other treat- 
ment. She was given anhydrohydroxyprogesterone in a dose of 80 mg. in a 
divided dose daily for five days with no bleeding and no endometrial 
response. She was then given the same drug orally in a dose of 110 mg. daily, 
with no response. A third course of treatment with 140 mg. daily for five 
days was not followed by bleeding, but there was evidence of progestational 
activity on endometrial biopsy. 

Oral progesterone 

A comparison of sublingual progesterone tablets placed in the oral 
cavity until dissolved was made with the same tablet swallowed (Table 3). 
Nine patients from the original group were available for stud}'- and 6 of 
them cooperated through the tAvo treatment cycles. Progesterone was swal- 
lowed in a divided dose of 80 mg. daily for five days in 6 patients without 
preAdous priming AAdth estrogen. There was no Avithdrawal bleeding, but 
endometrial biopsy revealed a transitional type in 3 and a fair progestation- 
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twenty days) and progesterone linguets (100 mg. daily in a divided dose on 
the last five days of Urestrin administration). She had free bleeding three 
days after completing this twenty-da}’ treatment and endometrial biopsy 
revealed a well developed secretory phase with marked vascularity and 
gland lumens filled with secretion. The same patient was treated during 
the succeeding month with progesterone linguets alone. Linguets in a 
dose of 50 mg. daily were administered in a divided dose for five da^’s; 
withdrawal bleeding did not occur and the endometrium was of the pro- 
liferative tjTJe. 

There were 2 other patients with amenorrhea of 6 and 8 months’ duration 
respective!}’. Treatment with Urestrin capsules (1 daily for twenty days) 
and progesterone linguets (50 mg. daily for the last five days of Urestrin 
administration in a divided dose) was followed by withdrawal bleeding in 
both of these patients. Their endometriums were proliferative in t}’pe. 


T.\bi.e 2. Or.\l akhydrohydrokyprogesteroxe therapy in patients primed myth 
ESTROGEN (UrESTRIN), 4,000 I.U. ORALLY' PER DAY FOR 20 DAYS. 


Dose of anhydroliydroxy 
progesterone per day 
for last 5 daj's of estro- 
gen treatment (mg.) 

No. of 
cycles 

Withdrawal bleeding 

Endometrial biopsj- 

SO i 

S 

Occurred in 8 cycles | 

No eY'idence of progesta- 
tional effect 

130 

6 ' 

Withdrawal bleeding in 5 

No bleeding in 1 

2, good progestational ef- 
fect 

4, moderate progesta- 
tional effect 


T^^len these same patients were given progesterone linguets alone, no bleed- 
ing occurred and no endometrial response could be seen. They were then 
treated by Urestrin daily for twenty days and progesterone linguets 140 
mg. daily in a diY’ided dose on the last five days of estrogen treatment. 
Withdrawal bleeding occurred in both cases from a fully deY’eloped pro- 
gestational endometrium. 

Oral anhydrohydroxyprogesterone 

The same 14 patients from the original group with secondary amenorrhea 
and oligomenorrhea who were available for comparative study with orally 
administered anhydrohydroxyprogesterone were used (Table 2). Since it 
had already been shown that the minimum effective dose of the hormone 
sublingually was approximately 80 mg. per day when administered in 
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further studies are now being conducted to confirm this preliminary report. 
These will provide a basis for a subsequent paper. 

SUMMARY 

1. Progesterone administered intramuscularly will consistently induce a 
progestational endometrium in the estrogen-primed woman after a dose of 
10.0 mg. daily for five days. 

2. Progesterone administered sublingually is effective in producing a 
progestational effect on the endometrium when given in a dosage of 80 mg. 
per day for five days. 

3. Progesterone administered orally will produce a moderate progesta- 
tional effect when given in a dose of 80 mg. daily for five days. 

4. Anhydrohydrox 3 ^progesterone administered orally produces a pro- 
gestional effect on the endometrium in about 50 per cent of estrogen- 
primed patients who receive 80.0 mg. daily for five days. 

5. Preliminary administration of estrogen is necessary for the full 
progesterone effect, whether the progesterone be administered intra- 
muscularly, sublingually, or orally. 
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Tadlk 3. Orai. rROGKSTKuoxi:. (xo rniMixG -with estrogex) 


Dose 

No. of 
cycles 

1 

WitlidraAval bleeding 

[ Endometrial biopsj' 

1 

SO mg. per day for 5 days 
(Progesterone) 

G 

I 

1 

No bleeding 

I 

I 

3 cycles, transitional endo- 
metrium 

3 cj'cles, fair progestational 
effect 

SO mg. per day for 5 daA’s 
(Anhydroliydroxy 
progesterone) ’ 

9 

1 

1 

No progestational response 


al t^T^e in 3. The same 9 patients were then given anhydrohj'droxj'pro- 
gesterone in a dose of SO mg. daily; there was no endometrial response 
evident in any biopsy specimen studied. It had pre\'iously been shown in 5 
of this group that a dose of 130 mg. of anhydrohydroxj'progesterone was 
the minimal effective dose for inducing progestational endometrium. 

DISCUSSION 

The studies on the effectiveness of the sublingual administration of 
progesterone to human patients reported here confirm and extend those o 
Greenblatt (1,2). In addition to the withdrawal bleeding employed b 3 ’’ 
Greenblatt, another objective criteiion, endometrial biopsj’’, was used. 
Since the withdi’awal bleeding in these studies could have been on the 
basis of estrogen withdrawal, it is felt that the progestational effect observed 
in the endometrial biopsies is of greater significance. 

The observation of greatest importance in this investigation is that the 
results indicate that progesterone itself is active when administered bj' the 
oral (swallowed) route. Furthermore, progesterone itself appears to be more 
active orall 3 ’’ than anh3’’droh3'’ch'Ox3'progesterone. This is completely eon- 
trar 3 ’’ to what has been believed to be true for man. As far as animal studies 
are concerned, the reports to date are controversial. Thus, Miescher and 
Gasche (2) found progesterone to be onl 3 '’ one-sixtieth as active in rabbits 
as anh3'^droh3’'drox3^rogesterone when administered orally. Soderwall (3), 
on the other hand, reported that progesterone was more active orall 3 ’' in 
inducing sexual receptmt 3 ’’ in spa 3 ’'ed female guinea pigs. One mg. of pro- 
gesterone orall 3 ’' induced heat in 84.6 per cent of the animals, whereas 1.0 
mg. of.anh3’-droh3^drox3"progesterone orall 5 '' induced heat in onty 62.5 per 
cent. 

In Anew of the fact that our obserAmtion that progesterone is more actiA'e 
orall 3 ' than anhydroh3’drox3"progesterone is contrar 3 ' to the accepted belief, 
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Fig. 1. The milligrams of pregnanediol excreted in the urine by normal individuals 
during 11 untreated menstrual cycles are compared with the amounts of pregnanediol 
excreted during the following menstrual cycles by the same individuals when alplia- 
tocopherol was administered. Pregnanediol is expressed as milligrams excreted per 48 
hours, day 1 being the estimated day of ovulation. 



THE EFFECT OF ALPHA-TOCOPHEROL ADMINIS- 
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From the Dcparhiioit ofGijnccologrj aiid Ohslclrics, Johns Hophins Hospital and Vnivcrsitij, 

Baltimore, Maryland 

V ITAjNIIN E (alplia-tocopherol) has been widely used clinically in the 
treatment of disorders of reproduction since shortL' after its discoverj^ 
by Evans and Bishop (1) in 1922. It has been clearly demonstrated by 
animal experimentation that a vitamin E deficiency is associated with 
sterility in the male and resorption of embryos in the female rat. Any 
rationale for vitamin E therapy in related disorders of the liuman, however, 
has been lacking. The concept of a human diet deficient in vitamin E 
is difficult to accept and until recently no reliable, simple method was 
available for determining the Htamin E status of an indmdual. 

Winkler (2, 3) and Winkler and Bach (4) have reported that the adminis- 
tration of vitamin E increases the ovarian and pituitarj' function in women. 
The increased function has been demonstrated hy measuring the c 3 ^clic 
pregnanediol, estrogen and F.S.H. excretion of subjects before and during 
alpha-tocopherol administration. Stohler and Kaiser (5) in 1941 presented 
some experimental eHdence for a similar effect in the rat. Such a finding is 
theoi'eticallj’’ attractive, especiallj’’ from the standpoint of estrogen and 
progesterone' metabolism. If the anti-oxidant properties of Htamin E 
protect these unsaturated sterols from rapid oxidative destruction, the 
result might be an increase in the acthdty of these hormones. A sound 
basis for vitamin E therapj^ in some cases of sterility’’ and habitual abortion 
would thus be established. 

As onR’’ six feeding experiments with concomitant hormone excretion 
curves have been reported, it was deemed adHsable to attempt to extend 
this work. Onlj’^ the relationship of Htamin E administration to corpus 
luteum function has been investigated in the present studj''. Tlmee normal 
laboratorj'- workers volunteered for the experiment and seven feeding 
experiments were run on these indiHduals, all of whom were haHng regular 
menstrual cj’cles. Two additional feeding experiments were run on patients 
complaining of sterilitj'^ but having regular o^mlatorj’- cj’cles as determined 
bj’- endometrial biopsj^ Two additional ej'^cles on a sixth subject have been 
included for pui'poses of comparison. Serum tocopherol levels were deter- 

Received for publication Januarj- 25, 1949. 

* This study was supported by a grant from Hoffmann-La Roche Inc. 


743 



746 G. E. SEEGAR JONES, E. DELES AND H. M. STRAN Volume 9 

The third normal individual also ran two control and two vitamin E 
administration cycles (Cl and C2). The first control cycle showed a total 
of 13.9 mg. of pregnanediol excretion increasing to a total of 25 mg. when 
50 mg. of vitamin E was taken daily. The second control cycle three years 
later showed a total of 18.8 mg. of pregnanediol, whereas the output during 
the vitamin E administration cycle was only 14.2 mg. The temperature 



Fig. 2. Pregnanediol excretion blocked in milligrams for 4S hours is shown in relation 
to the day of the menstrual cycle and the basal body temperature. The first cj^cle illus- 
trated is the control and the second is the menstrual cycle during which 50 milligrams of 
alpha-tocopherol was given each day. 

charts obtained concomitantly with these pregnanediol excretion values 
are shown in Figure 2. The serum tocopherol level in this subject was 1.38 
mg. per cent on November 26, 1947, at the height of the luteal phase in 
the control cycle. On December 7, immediately before vitamin E adminis- 
tration, the value was 1.07 mg. per cent and on December 23 during vitamin 
E administration the value was 1.42 mg. per cent, all within normal limits. 
The fourth subject, D, who presented a sterility problem, had a total 
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mined before and during vitamin E administration on several subjects. 
Basal temperature charts on one individual vere used as an aid in the 
analysis of luteal function. 

METHODS 

The pregnanediol excretion has been determined by the modified 
Astwood-Jones (6) technique, using 4S-hour specimens in every case. The 
method is one rvliich was devised in this laboratory and has been used 
constantly during the past eight j'ears. Recover}^ of amounts of preg- 
nanediol of less than one milligram for a 48-hour excretion period are 
considered unreliable and have been regarded as zero in the present cal- 
culations. Recover}’’ of one milligram amounts has been consistent and such 
values are therefore considered accurate. Every precaution is taken in 
technique to make the determinations quantitative. 

The serum Autamin E levels -u'ere measured by a modification of the 
Quaif e-Harris method (7). 

EXPERIMENTAE 

Cyclic pregnanediol excretion for 5 individuals before and after vitamin 
E administration is sho-vs-n in Figure 1. In addition, two normal C 3 ’’cles on 
a sixth indhddual have been charted. 

There are three control cj’^cles and three cycles during \dtamin E ad- 
ministration shown on the first normal indiAudual (A — 1, 2 and 3). There 
is an increase of the total excretion from 34.1 mg. for the first control 
month, to 58.0 mg. for the month during which 50 mg. a day of A’itamin E 
was administered. The following control month showed a total pregnane- 
diol excretion of 29.4 mg., whereas the next cyclic excretion increased to 
41.6 mg. when Autamin E in the same amount was again administered. The 
third feeding experiment was done on this subject four years after the 
original experiment and tins time the total pregnanediol excretion in the 
control cycle amounted to 39.1 mg. When 50 mg. a day of Autamin E was 
administered, the excretion of pregnanediol, instead of rising, fell to 24.6 
mg. The serum tocopherol before administration was 1.08 mg. per cent 
and folloAring administration, 1.24 mg. per cent, both A'alues being well 
adthin normal limits for the method used (8). 

The next normal subject, B, showed a total urinary pregnanediol 
excretion of 34.4 mg. during a control cj’^cle and 33.5 mg. when 50 mg. of 
vitamin E was taken daily. The second feeding experiment on tins subject 
showed a total pregnanediol excretion of 40.5 mg. for the normal cycle and 
20.3 mg. for the vitamin E administration cycle. It may be noted that these 
A’alues were obtained at the same time that those of A1 and A2 were 
determined. 
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effect upon the corpus luteum function of normal individuals when as 
much as 150 mg. a da}'’ of alpha-tocopherol is given throughout the 
menstrual cycle. From tlie present experiment it is not possible to say 
whether abnormal individuals or individuals with a vitamin E deficiency, 
as indicated by tlie serum levels, would respond differently to the adminis- 
tration of alpha-tocopherol or Avhether a longer period of medication would 
lead to different results. 


SUMMARY 

1. The urinary pregnanediol excretion during 20 menstrual cycles of 
6 apparently normal individuals has been studied. Eleven were control 
cj^cles and 9 were during periods of vitamin E administration. 

2. Alpha-tocopherol serum levels were obtained on 2 of the subjects 
before and during vitamin E administration. These levels were within the 
normal range. 

3. There is apparently a wide variation in the normal amount of preg- 
nanediol excreted during the menstrual cycles of the same individual and a 
wider normal variation of excretion from individual to individual. No 
regular variation in pregnanediol excretion was noted when alpha-tocoph- 
erol was administered in doses of 50 to 150 mg. per day for one month. 
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pregnanediol excretion of 2S.4 mg. in her control cycle with an increase to 
34.S mg. during the following month when 150 mg. a day of vitamin E 
was administered; 

The fifth individual, E, was also a sterility problem. This patient had 
a total pregnanediol excretion of 35.6 mg. during her control month and 
the excretion remained at 35.9 mg. during the following month when she 
was given 50 mg. of vitamin E daily. 

The final two cycles, FI and F2 were normal control cycles (from the 
same individual). The first month, this indmdual excreted 44.6 mg. and 
the following month, a total of 31.3 mg. of pregnanediol. 

DISCUSSION 

Three cj'cles in the present study showed an increase in the amount of 
pregnanediol excreted during the vitamin E administration period over 
the amount of pregnanediol excreted during the control cycle (Al, A2, 
Cl), two showed a decrease (A3, B2) and four showed no significant vari- 
ation (Bl, C2, D, E). The variations are further minimized when com- 
parisons are made between the untreated cycles of the same indmduals. 
Control cycles of subject A showed a total pregnanediol output of 31.4, 

29.4 and 39.1 mg. Subject B showed somewhat less variation (34.4 mg. and 

40.5 mg.) and subject C showed little variation (13.9 and 18.8 mg.). Sub- 
ject F excreted 44.6 mg. in one cycle and 31.3 mg. in another, the difference 
of 13.3 mg. being the greatest variation in the present small series. In the 
light of these observations only one vitamin E feeding cycle (Al) could 
possibly be considered as increased over the normal variation, with an 
increase of 23.9 mg. Since a ^dtamin E feeding c 3 ^cle in another indi\'idual, 
(A2) showed a decrease of 20.2 mg. rather than an increase, it would seem 
that even these relativelj^ wide variations must be considered as perhaps 
due to some normal physiologic variation of corpus luteum fvmction. This is 
in accord with the findings of Venning and Browne (9) and others. 

The duration of the luteal phase also showed no constant variation dur- 
ing ■\dtamin E administration. Four cj’^cles were apparentlj’" increased 
(A3, C2, D, E), four were similar (Al, Bl, B2, Cl) and one (A2) was de- 
creased in length over the normal control cycle. The variation in the 
duration of all the luteal phases was from a minimum of 12 daj^s to a 
maximum of 18 daj'^s. The figure 18 was obtained as an estimation with 
the use of the temperature chart (Fig. 2). The duration of the men- 
strual cj'^cles varied from a minimum of 23 days to a maximum of 32 daj’S. 
The longest luteal phase, one of 18 daj’-s, occurred in a menstrual cj'cle 
lasting but 27 da^'s, whereas the shortest of 12 occurred in a cj'cle of 24 da 3 's’ 
duration. 

Analysis of the material presented indicates that there is no constant 
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larly infrequent in eunuchs, but this question does not appear to have been 
studied critically. 

A relative increase in androgen/estrogen ratio would seem to favor 
the appearance of asymptomatic hyperuricemia in an individual predis- 
posed by heredity, and hence also to favor the later development of clinical 
gout. A qualitative alteration in androgen metabolism may also be impor- 
tant in the mechanism of gout. Wolfson and associates (4) reported very 
low outputs of urinary 17-ketosteroids in all of 11 gout patients studied. 
Thej'' were able to rule out all usual endocrine causes of this finding and to 
show that gout patients were able to transform exogenously introduced 
testosterone to ketosteroid at the usual rate. Because the hypogonadism 
ordinarily expected to accompany veiy low 17-ketosteroid outputs actually 
did not occur, they suggested that biologic androgen activity in gout was 
maintained by an abnormal androgen which, wlien metabolized, did not 
contribute importantly to urinary 17-ketosteroids. Since either men or 
women can inherit gout, they assumed the abnormal androgen to originate 
in the adrenal cortex. A second convergent series of recent studies has sug- 
gested participation of the pituitary-adrenocortical mechanism in attacks 
of acute gouty arthritis and in the regulation of urate metabolism (9 
-19). 

Such observations lend interest to claims that the average plasma 
urate level of normal adult men is somewhat higher than that of normal 
adult women. Our data again confirm the existence of this sex differential 
and show that it occurs in the gouty as well as in normal adults. Results of 
renal clearance studies permit some preliminary insight into the mechanism 
by which this differential is maintained. The possible relationship of the 
normal sex differential to the mechanism of inherited hyperuricemia in 
gout will be discussed below. 

METHODS AND SUBJECTS 

Control subjects were normal young adults and ambulator}^ medical 
patients with minor ailments. The gout patients were research patients of 
the Department of Biochemistry and patients of the Arthritis Clinic. 
Unless otherwise stated, the urate values given are colorimetric total urate 
values rather than true urate values, as in our other clinical publications. 

In carrying out studies of urate metabolism or excretion, it is important 
to avoid administering foreign substances whenever possible, since urate 
clearance is notoriously labile to pharmacologic influences. For this reason, 
glomerular filtration rates wei'e estimated as fl.75)X(urea clearance) 
with urine flows maintained constant or decreasing, and between absolute 

been unable to influence gout with female sex hormones. Maranon (7, S) on the other 
hand, has suggested intermittent estrogen therapy in gout, but has published no data on 
the results of such therapy. 
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R ecent studies have tended to confirm the long suspected importance 
of the sex endocrines in gout (1, 2, 3, 4). Smj'th, Cotterman and 
Freyberg (1) found that male relatives of gout patients who inherit asjTnp- 
tomatic hjTJeruricemia do not usually develop abnormally elevated plasma 
urate levels until after puberty. Steelier, Hersh, and Solomon (2) demon- 
strated that female carriers of this gene generally do not develop abnormal- 
\y elevated plasma urate levels until the menopause, or the period of failing 
ovarian function wliich precedes the menopause. Because some years of 
hj’peruricemia generally precede the onset of clinical sjTuptoms, clinical 
gout follows a similar pattern, but at an interval of some years. Clinical 
gout in men seldom appears before puberty. In women sjouptoms ordinarily 
first occur after the menopause. Exceptionally, women do develop gout 
well before the menopause, possibly because of special hereditary factors 
(see addendum regarding gout in women). Hill (o) pointed out that in 
women with premenopausal gout, attacks of acute gouty arthritis tended 
to occm' at the menses, the low point of estrogen secretion in the menstrual 
cycle.^ Since the time of Hippocrates, gout has been reputed to be particu- 

Received for publication November 30, 1948. 

* Aided by a grant from the Committee on Scientific Research of the American 
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** These Departments are in part supported by the Michael Reese Research Founda- 
tion. 

* Attempts to treat gout with estrogens have apparently met with onlj" indifferent 
success. We have seen no striking clinical change in two women with tophaceous gout and 
in one man with tophaceous gout who received rather large doses of stilbestrol. However, 
in a patient with pseudohermaphroditism and adrenogenital sjuidrome (Table 4), very 
large doses of stilbestrol appeared to cause some fall in plasma urate. Coste (6) has also 
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urine flow limits of 12.0 and 2.0 ml. per minute. When this precaution is 
observed, the glomerular filtration rates estimated by this indirect pro- 
cedure have been found to check well with inulin clearances or with endog- 
enous creatinine clearances. 

RESULTS 

Table 1 compares the distribution of individual plasma urate values 
and the average plasma urate levels of the two sexes in four groups of 

Table 1. Data ixdic.>.ting a sex differential in plasma urate concentration 
between male and female normal adults and between 

MALE AND FEMALE GOUT PATIENTS 

(Values for gout patients were determined while patients were on self-selection diets, 
without salicylate or cinchophen medication. Because more male than female patients 
were excluded from the table ou’ing to uricosuric medication, the patients listed beloW 
are not a complete cross section of our gout series, so far as sex distribution is concerned. 

Data on normal children are taken from a study conducted in cooperation with Dr. 
David Krevsky on urate metabolism in children. Note the absence of a sex differential 
in children.) 


Range of plasma 
urate 

Number of subjects 

Normal 

children 

Normal 

adults 

Pretophaceous 
gout patients 

Tophaceous 
gout patients 

mg. per 100 ml. 

Male 

Female 

Male Female 

Male Female 

Male 

Female 

0 . 6 through 1 . 5 

1 

1 

— — 

— — 

— 

— 

1.6 through 2.5 

4 

5 

— — 

— — 

— 

— 

2.6 through 3.5 

10 

11 

— 5 

! — — 

1 

— 

3 . 6 through 4 . 5 

S 

9 

: 2 11 

— — 

1 

— 

4 . 6 through 5 . 5 

1 

1 

14 4 

— 1 

1 — 

— 

5 . 6 through 6 . 5 

1 

— 

6 — 

— 1 

— 

— 

6.6 through 7.5 

— 

— 



4 3 

— 

1 

7 . 6 through S . 5 

— 

i 


12 2 

— 

— 

S . 6 through 9 . 5 

— 

1 

— — 

0 — 

1 

— 

9.6 through 10.5 

— 

— 



2 — 

3 

1 

10.6 through 11.5 

— 

— 



1 — 

4 

— 

11.6 through 12.5 

— 

— 



— — 

2 

— 

12.6 through 13.5 

— 

— 



— — 

— 

— 

13.6 through 14.5 

— 

— 

— — 

— — 

— 

1 


Average plasma urate 
mg. per 100 ml. 3.39 3.21 

5.27 ^.03 

S.IO 6.70 

11.05* 10.20* 

t 

Sex differential in 
plasma urate, mg. 
per 100 ml. O.IS 

1.20 

1.60 

0.85 


* Median values. 
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The ratio of urate clearance to glomerular filtration rate is somewhat 
higher in the women than in the men of eitlier group. Analysis of the mecha- 
nism is better carried out by reference to the control group in order to 
avoid alterations secondary to renal impairment. In the- control group, 
the urate clearance is somewhat greater in tlie women than in the men, 
whereas glomerular filtration rate is somew^hat greater in the men. Both 
differences operate toward maldng the ratio of urate clearance to glomer- 
ular filtration rate lower in men. 


Table 3. Aveeage urate clearance data in control and gouty subjects 
(Ail data are given per 1.73 sq.M. of calculated surface area) 


Subjects 

Plasma 
urate, 
mg. % 

Urine 

urate, 

mg./min. 

Urate 

clearance, 

ce./min. 

Glomerular 
filtration rate, 
cc./min. 

® Urate 

G.F.R. 



Control subjects 



9 males 

5.38 

0.558 

10.38 

119 

0.087 

11 females 

4.14 

0.524 

12.67 

116 

0.109 



Gout patients 



14 males 

7.SS 

0.453 

5.74 

64 

0.089 

5 females 

7.58 

0.435 

5.74 

57 

0.101 


The decrease in clearance ratio appears almost entirely to account for 
the sex differential in plasma urate level. Differences in the actual 
amount of urate excreted per minute per unit surface area are slight and 
do not approach the magnitude of the difference in clearance ratio. Br^chner- 
Mortensen’s data (25) show the same general tendency, with a ratio of 
urate to exogenous creatinine cleai'ance of .063 for normal men and .072 
for normal women. 

Table 3 also suggests the importance of comparing gout patients with 
control subjects of the same sex when studying urate excretion. It is 
apparent that comparison of a gout group composed chieflj'’ of male patients 
with a control group composed chiefly of women would lead to the errone- 
ous conclusion that the ratio of urate clearance to glomerular filtration 
rate is significantly reduced in gout. Ultimately, this may prove to be the 
case, but it is not demonstrated by the data of Table 3. 

DISCUSSION 

The average plasma urate concentration of normal adult women is 
about 84 per cent of that of normal adult men. This sex differential appears 
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subjects: normal children, normal adults, patients with pretophaceous 
gout, and patients with tophaceous gout. In each group, except children, 
men have liiglier average urate levels than women, although there is con- 
siderable overlap in the distributions. 

Tophi are usually a late development in gout and perhaps represent a 
complication rather than an integral part of the disease. Plasma urate 
levels in tophaceous gout tend to be considerably higher than in pre- 
tophaceous gout, but this may be due to the greater degree of renal impair- 
ment in patients with tophi. Fifteen of our patients with pretophaceous 
gout have been found to have an average glomerular filtration rate of 76 
cc. /min. /1. 73 sq.iM., whereas 5 patients with tophaceous gout had an 
average of only 44 cc./min./1.73 sq.M. 

Because of this somewhat equivocal status of the subcutaneous tophus, 
a better measure of the constitutional factor which produces gouty h3q)er- 
uricemia is the magnitude of the difference in plasma urate concentration 
between the average patient with pretophaceous gout and the average 
normal adult of the same sex. In our series, this difference, calculated from 
the data of Table 1, is 2.83 mg. per cent in men and 2.65 mg. per cent in 
women. In other words, the genetic factor appears to produce an approxi- 
mately equal elevation of plasma urate level in both sexes, when the norm 
is taken as the average adult plasma urate concentration of normal indi- 
■^fiduals of the same sex. 

Table 2 summarizes the results of a number of studies in which urate 
levels of normal men and women have been compared. All recent studies 
show the ejdstence of the sex differential. The average ratio of female/male 
plasma urate levels appears to be about 0.84. Two factors appear to explain 
the rarity of clinical hjqieruricemia in casual groups of adult females. The 
more important factor is the lack of recognition of the normal sex differ- 
ential; but an additional cause must be the failure to recognize that in- 
herited h^q^eruricemia in women is not usuallj^ completely manifested 
until after the menopause (3). There is, in addition, some suggestion that 
urate levels are higher in postmenopausal nongouty women than in pre- 
menopausal women (3). 

The onlj’^ large series of comparative data on gouty men and women is 
that of Hill (5) . In 59 men with tyqiical articular gout, HiU found that 44 
per cent had blood urate concentrations above 5.5 mg. per cent, whereas 
only 25 per cent of 16 gouty women had similarlj’’ elevated levels. In a 
number of published series which have included a few goufj' women, the 
average blood urate concentrations of the women have been less than those 
of the men. This is true of the reports of Br0chner-Mortensen (25), Talbott 
(28), Stecher (29), Herrick and Tyson (30) and Gibson and Kerslej^ (31). 

Table 3 summarizes clearance studies on goutj’’ and control subjects. 
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mum effect imtil the same pei'iod. A laiial differential is tliat wlncli obtains 
between the average plasma urate of patients with pretophaceous and 
tophaceous gout. This averages about 3.3 mg. per cent. )So far as we are 
aware, no one has ever studied the question of wlietlier tlie severity of gout 
is inherited or wliether the tendency to tophaceous gout is inherited, but 
the earlier onset of topliaceous gout in women and tlie more frequent 
family history obtained from such patients is suggestive. Most interesting 
of all are the occasional reports of a family'’ history of gout in women {see 
the appended note on gout in women). 

The amount of urate excreted per minute is about equal in the control 
men and women and in the gouty men and women. Tlie higher plasma urate 
of normal men appears to be a function of the lower ratio of urate clearance 
to glomerular filtration rate in this sex. In turn, the smaller clearance 
ratio of men seems to arise from lower urate clearances and higher glomer- 
ular filtration rates in normal men. The sex differential in plasma urate, 
superficially at least, appears to reflect differences in the urate excretory 
mechanism® between the two sexes, rather than differences in the rate of 
purine turnover. 

Relationship of the normal sex differential to inherited hyperuricemia. The 
tendency to develop hjqDeruricemia is inherited,^ but the age at which 
this latent tendency'’ is translated into an elevated plasma urate level seems 
to depend in part upon endocrine status. In either sex, actual hjq^eruricemia 
ordinarily develops at a period of life characterized by a relative increase 
in androgen unantagonized by estrogen. In men, both the normal sex 
differential and inherited hyperuricemia produce their characteristic 
elevations in plasma urate level at, or shortly after, puberty. At first, this 
might suggest that inherited gouty hyperuricemia might really be only an 
exaggeration of the normal sex differential, a form of inherited hyper- 
androgenism. 

A major obstacle to interpreting inherited hyperuricemia as a type of 
inherited h 3 q)erandrogenism is the complete lack of signs of such a condi- 
tion in the gouty. Such a disturbance might perhaps be difficult to dis- 


3 The problem of whether the difference in excretoiy mechanism responsible for the 
sex differential is ultimately to be referred to a difference in the transport mechanism for 
plasma urate, or to variations in a supposed tubular reabsorption of urate, will be dis- 
cussed in detail elsewhere. 

Most investigators now concede that the majority of all cases of gout are due to 
inherited factors. There remains some question as to whether severe renal impairment 
or increased nucleoprotein turnoAmr (as in leukemia, lead poisoning and hemolytic 
anemia) can result in gout unless the inherited predisposition is also present. Since cases 
which raise the possibility of such “secondary” gout are distinctly unusual, they are 
omitted from present consideration. 
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to arise at puberty, since it is not found in normal children,- and presum- 
ably is related to the increased rate of secretion of normal androgen which 
occurs at puberty. There is some rise in the plasma urate of normal females 
at puberty, which is to be expected since adrenal androgen production in 
females reaches adult levels at this time but the rise is considerably greater 
in normal males, presumably because of their quantitatively greater 
secretion of normal androgen. A -similar sex differential occurs in patients 
with gout. The average plasma urate concentration of gouty men is higher 
than that of gouty women, whether gout patients are considered as a 
group or subdmded according to the presence or absence of subcutaneous 
tophi. 

It is possible to give a rough quantitative anal}"sis of factors tending to 
cause elevated plasma urate concentrations. One may consider the average 
plasma urate of normal children, 3.3 mg. per cent, to be a basal level. 
At puberty, normal women receive an increment averaging 0.8 mg. per 
cent in plasma urate, presumably reflecting adrenal androgen secretion. 
Men, who have considerably more androgen arising from both testes and 
adrenals, receive a larger increment, averaging 2.0 mg. per cent. The prob- 
lem of the quantitative increase occurring in the normal woman at the 
menopause is under study by Smidih and his coworkers, but as yet detailed 
information is not available. 

The increment representing the effect of normal androgen secretion 
(2.0 mg. per cent) is added to all urate levels in the male at puberty, 
whether or not the indiAudual has inherited the gene for hjqjeruricemia. 
However, inheritance of this gene results in the addition of a further incre- 
ment, averaging 2.7 mg. per cent in either sex, to the normal adult levels 
for that sex. It is interesting that although the magnitude of the increment 
controlled by the gene for hyperuricemia ultimately appears to be equal 
in the two sexes, the period at which the maximum urate levels are reached 
differs in the two sexes. One might suggest that, just as maximum urate 
levels are not reached in the normal woman until normal ovarian function 
terminates, so also the gene for hyperuricemia maj’- not produce its maxi- 

- Several other interesting and pertinent observations were noted in the more detailed 
analysis of urate metabolism in children (32). The appearance of the sex differential in 
plasma urate is distinctly a puberal phenomenon, since the urate levels for both sexes 
show no differential in the age 0-6 group or in the age 7-13 group. The average plasma 
urate for all indi-vdduals is only ver 5 ’ slightly higher in the age 7-13 than in the age 0-6 
group. Values for the ratio of urine urate to preformed creatinine, urine urate to total 
creatinine, and urate clearance to creatinine clearance were very considerably higher 
in children than in adults, and preliminary findings suggest that this entire pattern of 
differences may be diminished temporarily by the administration of potent androgens. 
These results will be reported in detail in future communications. 
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tory evidence of hyperandrogenism in gouty men, the mutual independence 
of the sex differential and inherited hyperuricemia, and the failure of gouty 
hyperuricemia to exhibit an invariable dependence upon endocrine status 
all oppose interpretation of inherited gouty hyperuricemia as merely an 
exaggeration of the normal sex differential due to inherited hyperandro- 
genism. Since the facts nevertheless point toward some relationship be- 
tween the factors which control the appearance of the sex differential and 
of inherited hyperuricemia, this relationship must be somewhat indirect. 
As data now available actually do suggest the existence of a qualitative 
abnormality of androgen secretion in the gouty (4), a plausible hypothesis 
might be that the gouty possess a second hormone with a rate of secretion 
parallel to that of normal androgen under most circumstances, opposed by 
estrogen like other androgens, and responsible for the manifest expression 
of inherited hyperuricemia. 

The working hypothesis. Present evidence indicates that the greater 
frequency of abnormally elevated plasma urate levels in male relatives 
of the gouty than in female relatives does not mean that more men than 
women inherit the gene for hyperuricemia. Rather the difference in the sex 
incidence of abnormal urate levels depends upon two nonhereditary factors : 
a) the fact that male carriers develop their maximum urate levels at an 
earlier age than female carriers, and b) the existence of the normal sex 
differential in plasma urate concentration (1, 2, 3). Since a prolonged and 
severe hyperuricemia seems to favor the appearance of clinical gout, the 
sex incidence of the disease may be assumed to depend upon the male 
tendency to earlier and greater hyperuricemia.® 

The simultaneous appearance of the sex differential and of inherited 
hyperuricemia at puberty in the male, and of inherited hyperuricemia at 
the menopause in women, has suggested that gouty hyperuricemia might 
be a sort of exaggerated sex differential due to inherited hyperandrogenism. 
We have already reviewed the objections which appear to make this 
uncomplicated view untenable and which favor a more indirect type of 
relationship. The finding of low urinary 17-ketosteroids in the gouty, in the 
presence of clinically normal androgenic status and unimpaired ability to 
convert administered testosterone to ketosteroids, is believed to indicate 
that biologic, androgen activity is maintained in the gouty by an abnormal 
androgen which, when metabolized, is not importantly excreted as 17- 
ketosteroid. 

The present data are consistent with the assumption that the abnormal 

5 The observation that the occurrence of clinical gout and the duration and magnitude 
of antecedent hyperuricemia are positively correlated should not be taken to mean that 
the elevated plasma urate level is necessarily the direct cause of the symptoms of clinical 

gout. 
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cover in normal adult males, but should certainly be detectable as ^drilism 
in gouty females. However, data in the note appended indicate that ^^rilism 
does not occur in goutj’^ females. It is interesting that this lack of ^drili-sm 
agrees with observations of Draper, Dupertuis and Caughey (33) on the 
constitutional status of gouty females. The 3 " report "strong emphasis on 
gjmic features, with minimal emphasis on the andric.” A laboratorj”^ finding 
to be expected if gouty hj-peruricemia were due to inherited hjTDerandro- 
genism would be increased 17-ketosteroid excretion in the urine of goutj^ 
patients. The actual data show verj-^ low urinar}^ ketosteroids to be 
characteristic of the goutj' (4). For reasons alreadj’’ mentioned, these low 
ketosteroid outputs are believed to be referable to secretion of an abnormal 
androgen which is not metabolized to ketosteroids. 

An important further objection to considering inherited hjT^eruricemia 
as an exaggerated normal sex differential is the occurrence of a sex differ- 
ential in the gouty as well as in normals. This suggests that the mechanisms 
controlling the sex differential and inherited hj^peruricemia cannot be 
entirelj’- coincident but must have some degree of independence from each 
other. Moreover, inherited hjT^eruricemia seems to consist of an elevation 
of plasma urate over a basic level set b^’- the individual’s sex; but the 
magnitude of this elevation is about equal in the two sexes and not particu- 
larl}^ greater in gouty males, as would be expected if it depended upon the 
rate of androgen secretion. 

Finallj^ it is important to note that the appearance of gouty hjqjeruri- 
cemia, wliile ordinarily conditioned bj’’ factors which seem to be dependent 
on androgen/estrogen ratios, may exceptionalty be quite independent 
of such control. The data on gouty women which follow illustrate the 
fact that functioning ovaries may provide onty relative protection against 
gout, since tophaceous gout in women seems generalty to begin before the 
menopause. In the 3 cases of tophaceous gout in women for whom we know 
the actual date of the menopause, the onset of clinical gout preceded the 
menopause bj^ 7, 20, and 21 j^ears respect! vel 3 \ In 3 other women with 
tophaceous gout, the disease began at ages 12, 16, and 26 respectivety. 
If one ma}’’ credit the older clinical literature, some modification must also 
be made in the Hippocratic aphorism that gout is absent in eunuchs, since 
Cullen (34) found it necessarj' to add that gout could occur in eunuchs, if 
the 5 ’’ "happen to be of a robust habit, to lead an indolent life, and to live 
ver}'’ full.” There are also exceptions to the relative freedom from gout 
enjoj'-ed bj”^ children. In most cases, gout in children appears to be a compli- 
cation of increased nucleoprotein turnover consequent upon leukemia or 
hemolj’tic anemia, but in some authentic cases no such factor can be found 
(35, 36, 37). 

The lack of virilism in goutj^ women, the absence of clinical or labora- 



Table 4. Plasma urate concentration in certain endocrine 

AND OTHER SYNDROMES 


(All patients in the table beloiv are genetic females. The only endocrine disturbance 
in which altered urate metabolism has regularly been reported is active acromegaly 
(39-47). Most investigators have imported low urate levels and high urate outputs in 
active cases. Thannhauser (41) was able to reverse these changes by pituitary irradia- 
tion in one acromegalic patient. Ii-i’adiation also caused a marked drop in urine urate 
/urine creatinine. No change was observed in a control subject similarly irradiated.) 


Num- 
ber of 
patients 

Num- 
ber of 
samples 

Plasma 
urate, 
mg. % 

1 

Plasma 
urea, 
mg. % 

Urate 

Therapy and remarks 

urea 

Normal adult women 

20 

20 

4.05 

27.9 

1 

0.15 

All premenopausal subjects 

Acromegaly 

1 

1 

1 

1 


30.0 

43.0 

0.09 

0.11 

Early active acromegaly 

Late “burned-out” acromegaly; meta- 
hypophyseal diabetes mellitus 

Cushing’s syndrome* 

2 

2 

4 

3 

3.89 

5.93 

36.2 * 
8.5 


Preoperative. 

Postoperative. Successful removal of 
adrenal adenoma with clinical cure 
in both cases. 


Nephrotic syndrome (26 pound child)* 


1 

3 

5.70 

32.0 

0.18 

Before ACTH treatment 

1 

1 

2.00 

34.6 

0.06 

ACTH, 3 X5 mg. for 4 days 

1 

2 

4.10 

24.4 

0.17 

First week after ACTH 

1 

2 

3.30 

18.4 

0.18 

Second iveek after ACTH. Beginning of 
one month clinical remission 


Pseudohermaphroditism with adrenogenital syndrome 


1 

1 

8.20 

27.0 

0.30 

No therapy 






Abdominal exploration. Unilateral 
oophorectomy and biopsy of second 
ovary. Nests of lutein cells with ac- 
tive mitotic hgures in both ovaries 

1 

1 

7.30 

33.0 

0.22 

Stilbestrol, 5 mg. daily 

1 

1 

7.70 

20.0 

0.38 

Stilbestrol, 50 mg. daily 

1 

1 

7.10 

27.0 

0.26 

Stilbestrol, 65 mg. daily 

1 

1 

1 

6.10 

27.0 

0.23 

Stilbestrol, 100 mg. daily 

2 

5.90 

33.0 

0.18 

Removal of left adrenal adenoma; not 
cured. 


Gout in women 


14 



7.45 


39.6 0.19 


See Table 5 for further details 


* See p. 761. 
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androgen of the gouty is one which has the particular property of producing 
an excessive elevation in plasma urate concentration, that it ordinarily, 
but not always, begins to be secreted at the same period of life when normal 
androgen secretion begins, and also that it is functionally opposed by estro- 
gen. The "gouty androgen” is presumed to be of adrenocortical origin, 
since gout may be inherited by either men or women. Albright (38), in 
particular, has emphasized the fact that, even in normal indmduals, the 
onset of adrenal androgen secretion ("adrenarche”) and its cessation 
(“adrenopause”) may not exactly coincide with the onset of function or 
with involutional changes in the gonad. Similar timing discrepancies in 
adrenal-gonad relationship in the gouty maj' underlie the rare cases of 
constitutional gout in children and of premenopausal gout in women. The 
suggested adrenocortical origin of the "gouty androgen” makes gout in 
eunuchs understandable. One maj' speculate that some somatic action of 
the “gouty androgen” is reflected in the characteristic short, stout physique 
of the goutj’’ woman, and in Cullen’s gouty eunuchs "of a robust habit.” 

Since genes appear to control indhidual enzymes rather than indmdual 
tissues, it seems probable that an hjqiothesis which localizes the inherited 
defect in gout in disturbed adrenocortical function must at best be in- 
complete. Such an hj^Dothesis has certain advantages notwithstanding; 
of these not the least is its consistencj’’ with other data which suggest 
altered adrenocortical function to be of central importance in the mecha- 
nism of the acute gouty attack. Attacks of acute gouty arthritis may be 
precipitated in a majorit}’’ of interval gout patients by administering several 
doses of adrenocorticotropic hormone (ACTH) and then withdrawing the 
hormone. The attack ordinarily begins from forty-eight to ninet 3 ’'-six hours 
after the hormone is withdrawn. It generally begins at that point during 
the temporary adrenocortical hjqjofunction following ACTH withdrawal 
when the normal subject shows e\ddence of abrupt “rebound” and tem- 
porary endogenous ACTH overproduction; but such e%ddence is lacking 
in the gouty, who show no rebound. The spontaneous attack of acute gouty 
arthritis or that produced by adrenocorticotropin-withdrawal may rapidly 
be terminated by the administration of adrenocorticotropin (9, 10, 19), but 
may return xmless colchicine is also given (19). Aletabolic and hematologic 
changes suggestive of temporarj^ relative ll-ox 3 ’’steroid deficiency are found 
during the prodromal periods of acute gouty arthritis of spontaneous origin, 
and the absence of metabolic findings of compensator^' adrenocortical 
hyperfunction during prolonged attacks of acute gouty arthritis which 
resist treatment (9, 19) suggests that the gout patient ma}' respond in- 
adequately to relative ll-oxj'steroid lack. Although these findings appear 
superficially to imply that a failure of tropic stimulation of the adrenal bj' 
the pituitary may be involved in the mechanism of acute gouty arthritis, 
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a sharp drop in serum cholesterol (averaging 63 mg. per cent) which may 
occur early in the attack without other evidence of increased 11-oxysteroid 
output suggests that the adrenal is manufacturing steroids other than 11- 
oxysteroids at an increased rate (14). 

These clinical findings which indicate 11-oxysteroid production by the 
adrenal to be important in the mechanism of acute gouty arthritis are 
paralleled by evidence that these steroids regulate urate metabolism. 
Table 4 presents data which suggest that altered adrenal function may be 
important in clinical disturbances of the plasma urate level. Numerous 
recent physiologic studies have indicated 11-oxysteroids to increase both 
the rate of urate production and urate clearance (15-19), whereas, in cMl- 
dren, androgens may be shown to have opposing effects (32). 

Our present working hypothesis assumes that, in gout, biologic androgen 
activity is maintained b}' the secretion of an abnormal adrenocortical 
androgen which, when metabolized, is not importantlj^ converted to urinary 
17-ketosteroid. Like other androgens, this “gouty androgen” is estrogen- 
antagonized. Within the limits of the flexible adrenal-gonad relationship, 
this androgen is secreted at the times when normal androgen is secreted. 
The “gouty androgen” is not necessarily responsible for attacks of acute 
gouty artliritis, since a gouty adrenal wliich secretes an abnormal andi’Ogen 
is reasonably suspect of responding to pituitarj’’ adrenotropic stimulation 
in an unusual fashion. However, the onset of clinical gout appears in most 
cases to be correlated with the duration and severit}’’ of antecedent hj’per- 
uricemia (1, 2). Since the abnormal androgen appears to regulate the 
time of appearance of inherited hj^peruricemia in those geneticall}’’ pre- 
disposed, its secretion would appear basic to the susceptibility to clinical 
gout. 


CONCLUSION 

1. The average plasma m’ate of men is somewhat liigher than that of 
women, both in the normal and gouty groups. The differences appear to 
depend on differences in the excretory mechanism for urate. These differ- 
ences are believed to depend upon normal androgen since they are not 
present before puberty. 

2. Carriers of genetic h 3 T)eruricemia, an inherited biochemical lesion of 
gout, have been found to have noi’mal plasma urate levels until pubert}', if 
male, and until the menopause, if female. This suggests that androgen is 

Footnote to Table 4- 

* Note the resemblance betiveen the changes in plasma urate and urea caused by 
discontinuing ACTH therapy in the nephrotic child and those caused by successful 
removal of an adrenal adenoma in the patients with Cusliing’s syndrome. 

The purified adrenocorticotropin used was furnished through the kind cooperation of 
Dr. John R. Mote, Medical Director, The Armour Laboratories, Armour and Company, 
Chicago. 
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may be inherited by either sex, this abnormal androgen presumably origi- 
nates in the adrenal cortex. 

5. The worJdng hypothesis. Our preceding report suggested that, in gout, 
biologic androgen activity is, maintained' by an abnormal androgen of 
adrenocortical origin which, when metabolized, does not contribute im- 
portantly to urinary 17-ketosteroids. The present study suggests that an 
abnoi'mal androgen of adrenocortical origin is responsible for the appear- 
ance of an abnormally elevated plasma urate level in those genetically 
predisposed. This abnormal androgen appears ordinaril}'- to be secreted 
under the same conditions as normal androgen and to be estrogen-opposed. 

Tentatively, we have assumed the two abnormal adrenocortical andro- 
gens of the preceding paragraph to be identical. Since the onset of clinical 
gout appears in most cases to be correlated with tlie duration and severity 
of antecedent h 5 ’'peruricemia, and .since the abnormal adrenocortical 
androgen appears to regulate the time of appearance of hyperuricemia in 
those genetically predisposed, its secretion would seem to be basic to the 
susceptibilitj'’ to clinical gout. The attack of acute gouty arthritis, on the 
other hand, appears more closely related to a deficient response to tempo- 
rary relative 11-oxysteroid lack. The possible role of the abnormal 
adrenocortical androgen of gout in the production of the characteristic 
acute gouty arthritis remains to be clarified. 

Addendum 

A note on the clinical and laboratory findings in women with gout. 

The accompanying paper has indicated the importance of the presence 
or absence of virilism in gouty women when considering an endocrine 
hypothesis of gout. Since there appears to have been no summary of data 
published on a sizable group of gouty women, this added note is intended 
to serve that purpose. 

Table 5 summarizes individual findings in 18 gouty women. Ten patients 
were from our series (47) and data on the other 8 were taken from recent 
publications (25, 28, 30, 48, 49, 50). Virilism was not reported by any 
investigator, and did not occur in our group. There does appear to be a 
characteristic physique, consisting of marked obesity and relatively short 
stature. In addition to the available height and weight values in Table 5, 
several other reports mention this body configuration without actually 
giving heights or weights. 

Table 6 clearly shows the marked differences between tophaceous and 
pretophaceous gout in women. Tophaceous gout in women begins before 
the menopause. It is associated with considerably more impairment of 
renal function and with higher plasma urate levels than pretophaceous 
gout. A family history of gout was obtained in more than lialf of tJie 
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Table 6. Contbasts between* topjiaceous axd pretophaceous gout 

IN* WOMEN*.* 


(This table includes the patients summarized in Table 5 and two additional women 
with tophaceous gout reported bj* Bernstein (35).) 



Tophaceous 

gout 

Pretophaceous 

gout 

Number of patients 

S 

12 

Famih* history of gout 

63% 

20% 

Average age at onset of gout 

27 

56 

Onset before menopause 

100% 

14% 

Average height, inches 

62.0 

63.3 

Average weight, pounds 

157 

174 

Ideal weight, 1912 tables 

136 

124 

Average overweight, per cent of ideal weight* 

15% 

' 23% 

Average scrum urate, mg. % 

9.6 

6.9 

Average serum urea^ mg. %t 

43.5 

36.8 

Glomerular filtration rate, cc. /min. /1. 73 sq.M. 

33 

72 

Hj*pertension 

67% 

42% 

Diabetes mellitus 

0 

2 

Hematopoietic disease 

It 

0 


* Obesitj' maj' have been minimized in the tophaceous group bj* the greater severity 
of renal impairment. 

t Values are for urea, as urea. In certain of the published cases reviewed, urea values 
were calculated from NPN values by assuming urea-N to form 50% of the NPN. 

t Chronic monoblastic leukemia. 

important in the conversion of latent genetic hyperuricemia into an actual 
elevation in plasma urate. 

3 . Since both appearance of the normal sex differential and of inherited 
hj’peruricemia appear favored by androgen, we have considered the pos- 
sibility that inherited hyperuricemia is merelj’’ an exaggeration of the 
normal sex differential resulting from inherited hj^ierandrogenism. This 
suggestion appears incorrect. Virilism does not occur in gouty women. 
No findings suggest hj^ierandrogenism in gout3’- men. There is, in fact, 
evidence to indicate that gout patients secrete less, rather than more, 
normal androgen than do normal adults. 

4 . The existence of a sex differential in the goutj'^ as well as in normals 
suggests that separate androgenic mechanisms regulate the sex differential 
and the transformation of latent inherited hj^ieruricemia to the manifest 
hjTieruricemia which precedes gout. Since h3T)eruricemia is of restricted 
occurrence, the latter would appear to be an abnormal androgen with a 
particular abilit3’’ to cause an elevated plasma urate. Since h3'peruricemia 
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patients with tophaceous gout, but in less than a quarter of those -n-ith 
pretophaceous gout. This suggests that the earlier onset and greater 
severity of tophaceous gout in women is not due to casual factors, but is 
in some way geneticallj" determined. 
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I T has been demonstrated that the level of serum precipitable or protein- 
bound iodine varies with thyroid activity fl-6). As a result of these 
studies it is evident that in healthy subjects without disorders of this gland 
the organic iodine fraction in plasma is usually somewhere between 4 and 
8 gamma per cent. It is not known, however, whether or not this serum 
precipitable or protein-bound iodine value changes from time to time within 
this range in anj'- euthyroid individual. This possibility cannot be excluded 
in view of the knowledge that not only the level of thyroid activity but also 
extra-thyroidal factors may alter the value of the organic iodine fraction in 
serum (7, 8). The studies herein reported establish, however, the relative 
constancy of the serum precipitable iodine in healthy 3 ’’ 0 ung adults, male 
and female, during a period of several weeks. 

MATERIALS AND METHODS 

Levels of serum precipitable or protein-bound iodine were measured at 
about weekly intervals in 4 women and 2 men, 21 to 32 years of age, during 
periods of one and a half to two months. In all of the female subjects the 
onset and duration of menses were recorded. In addition, 2 women kept 
a daily chart of the body temperature (oral) determined during a five- 
minute period before arising. 

Venous blood was withdrawn in the morning, one to three hours follow- 
ing a light, or in the case of one of the male subjects (R.G.), a complete 
breakfast. The precipitable iodine concentration was measured by the 
method of Barker (9) with slight modifications (10). Recoveries of potas- 
sium iodide, diiodotyrosine, and thyroxine were 95 per cent and better in 
concentrations corresponding to the serum values obtained in this study 
In 2 studies, J.M. and J.G., the sera were analyzed shortly following the 


Received for publication Januarj^ 26, 1949. 

1 We are indebted to Dr. H. Sidney Newcomer of E. R. Squibb and Sons for tlie thy- 
roxine used in these studies. 
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venipuncture. In the other 4 the sera were precipitated and washed in the 
usual manner, stored at -10°C. until the completion of the experiment, 
and then analyzed as a group. Results of analyses in duplicate or triplicate 
agreed, on tlie average, within less than 0.3 gamma per cent. The findings 
are presented in Figures 1 through 3. 
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DISCUSSIOjST 

All of the indi^^duals studied appear to have had euthjToid levels of 
serum precipitable iodine, faffing within the 4 to 8 gamma per cent range 
described for subjects vfithout thyroid disorder. The maximum variations 
in the serum precipitable iodine in any one of the 4 women were only 0.5 
to 0.8 gamma per cent during the 6 to 8 analyses which were made. The 
smallest variation. 0.3 gamma per cent, was observed in R.G., one of the 
two male subjects (Fig. 3). This particular subject, it will be recalled, was 
the only one nfith a regular intake of a complete breakfast one to two hours 
prior to withdrawal of the blood sample. The largest change in the serum 
precipitable iodine, 1.1 gamma per cent, occurred in the second male sub- 
ject (J.P., Fig. 3). It is clear from these findings that the serum precipitable 
or protein-bound iodine concentration varies but sfighth- from week to 
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showed the characteristic rise during the postovulatory phase of the cycle 
(16, 17). This terminated with a drop in the basal temperature just before 
or with the onset of menses. It seems reasonable to assign some, and perhaps 
all, of the sporadic dips or peaks in body temperature during the trends, to 
extrinsic factors unrelated to the menstrual cycle itself. Analyses of the 
precipitable or protein-bound iodine were run on serum obtained on one or 
more occasions within a few hours of the onset of menses, just after the 
onset, during the period itself, and shortly following its termination. Also, 
it is probable that the ovulatory phase was covered in a similar manner 
although conclusive evidence for this is, of course, lacking. Study of Figures 
2 and 3 indicates, as might be expected, that it is not possible to detect 
during the menstrual cycle any definite elevation in serum precipitable or 
protein-bound iodine comparable to that observed early in pregnancy. 
However, if any trend is present, in subjects M.B., J.M. and S.H., it is 
toward a mid-point rise followed by a decrease during the postovulatory 
phase. It may be, therefore, that with pregnancy this slight rise is accentu- 
ated and maintained, and that in its absence the serum precipitable iodine 
declines to a lower level. The occurrence of equally great, if not greater 
fluctuations in the protein-bound iodine in one of the male subjects, J.P., 
might be viewed as evidence against such a theory. However, it by no 
means excludes the possibilities which have been presented, since thyroid 
function and levels of circulating protein-bound iodine do vary with factors 
'other than pregnancy. 

SUMMARY 

1. The concentration of serum precipitable or protein-bound iodine 
appears to be relatively constant over a period of weeks in healthy young 
adults. 

2. The hypothesis is cautiously advanced that the elevation in serum 
precipitable iodine which usually occurs in pregnancy may represent an 
accentuation and prolongation of a rise observed between menstrual 
periods. 
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week. In evaluating the relative constancy of the serum precipitable iodine 
in these 6 subjects it should be kept in mind that they were all in good 
health. Their dietary habits remained fairly constant and presumably 
their levels of serum protein were unaltered. Neither did they receive 
inorganic iodide in any form other than that present in their usual diet, 
nor were they given any organic iodine compounds. Significant alterations 
in any of these factors are known to affect the levels of serum precipitable 
iodine (7, 8, 10). 

The possibility cannot be excluded that some variations were occurring 
in these subjects in either the release of hormone from the thyroid gland 
or in its utilization or degradation. This is particular!}’- true in \dew of the 
finding that in all but one of the subjects, the difference between the highest 
and lowest values exceeded the 0.3 gamma per cent analjdical error. Inspec- 
tion of the data presented graphically suggests that there may have been 
a cyclic variation in the level of serum precipitable iodine in some of the 
studies. To determine whether or not these variations are statistical!}^ 
significant the data were subjected to the following analysis: the “t” test 
was apphed, using one or more sets of low and lugh mean values, and the 
dispersion of the individual values contributing to the mean.- The results of 
the “t” test together with the degrees of freedom, ‘^n,” were used to cal- 
culate a probability value, “p.” In a total of 4 instances in 3 of the female 
subjects (M.B., J.M., and S.H.) “p” is less than 0.05, i.e. the observed 
differences could have occurred by chance only less than 5 times in a 100, 
and hence they may possibly be significant. No statistical significance can 
be assigned to the changes in the other female subject (Figure 1) since “p” 
is less than 0.30. The correlation of these slight but statistically significant 
changes in the serum preceipitable iodine values -with physiologic events is 
admittedly difficult and perhaps impossible. It is of interest, however, to 
speculate upon one possibiUty. Studies of the serum precipitable iodine in 
women indicate that the concentration of this fraction usually increases 
with pregnancy (11, 12, 13). This appears to be an early physiologic 
response, antedating the rise in the basal metabohc rate characteristic of 
the second and third trimesters (14, 15). Certain of the endocrine changes 
wliich characterize pregnancy, such as the decrease in follicular secretion 
and the rise in corpus luteum actmty, also occur to some degree dming the 
menstrual cycle. They may conceivably exert an effect on the serum pre- 
cipitable iodine. Study of Figures 1, 2, and 3 reveals that in the course of 
periodic measurements of the serum precipitable iodine in the 4 female 
subjects probably all aspects of the menstrual cycle were covered. The 2 
subjects who determined their daily basal temperatme, J.G. and M.B., 

- Mr. Carrol S. Weil of theAIellon Institute kindly carried out the statistical analyses 
of the data. 
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T here has been, and there still is, considerable confusion in the 
literature concerning certain masculinizing tumors of the ovary, 
especially the so-called adrenal rest tumor, or lipoid cell virilizing tumor, 
or masculinovoblastoma, or hypernephroma of the ovary. The multiplicity 
of names, each including some characteristic of the tumor, bears testimony 
to the need for clarification. 

In 1908 Bovin (1) reported the first case of hypernephroma or adrenal 
rest tumor of the ovary. Stadiem (2) reported 19 cases of hypernephroma 
of the ovary in 1937. In a critical review of these cases in 1939, Rottino 
and McGrath (3) could not classify any of them as virilizing lipoid cell 
tumors of the ovary, and limited the total- number reported in the litera- 
ture to 7 cases. Kepler (4) in 1944 reviewed 6 additional cases and reported 
the fourteenth. Greene (5) in 1944 reported a case of adrenal rest tumor of 
the ovary, and Burket and Abell (6) later in the same year reported still 
another case. At the present time Curtis (7) declares that only 16 well 
authenticated and undisputed cases can be found in the literature. The 
case reported here can be added to the growing list. It is hoped that the 
information furnished by this report may add to the clinical and pathologic 
data so that eventually diagnostic criteria will catalogue this clinical entity 
more specifically. 


CASE REPORT 

R. R., XL 106160, a white female, aged 65, was admitted to the Indiana University 
Medical Center on January 17, 1947, complaining of weakness, and of "turning into a 
man.” Four years prior to admission she began noticing hair on her face, body and ex- 
tremities. She required shaving daily. At the same time her voice began to "crack” and 
became deeper than usual. Her skin became darker, and she developed pigmented 
hyperkeratotic spots on the face and body. The weakness complained of was in spells 
rather than continuously and on a few occasions resulted in a fall. It was relieved in part 
by taking something sweet. There had been no weight change, the patient always having 
been obese. She had a normal menopause at the age of 53. 

In the past history, a diagnosis of diabetes was made at the age of 54, and again at 59, 
when she required up to 40 units of insulin daily. Later she discontinued both insulin and 
diet as she began to develop the weak spells of her present illness. For many years there 
had been a known hypertension as high as 240 systolic, with an average of ISO systolic. 

Present addi-ess; The Sheboygan Clinic, Sheboygan, Wisconsin. 

774 



August, 10.',!) CONSTANCY OF SERUM PRECIPITABLE IODINE 773 

5. Danowski, T. S.; Man, E. B., and Winkler, A. W.; The use of thiourea in the 
control of hyperthyroidism, Conn. Stale Med. J. 11: 105-10S (Feb.) 1947. 

6. Winkler, A. W.; iM.\N, E. B., and Danowski, T. S.: Minimum dosage of thio- 
urea, given together with iodine medication, necessarj' for the production and 
maintenance of a remission in hyperth 3 'roidism, .7. Clin. Investigation 26: 44&- 
452 (Nov.) 1947. 

7. Peters, J. P., and Man, E. B.: The relation of albumin to precipitable iodine of 
serum, .7. Clin. Investigation 27: 397-405 (Juh’) 194S. 

S. Danovski, T. S., and Green.m.\n, J. H.: Rise in serum precipitable or protein- 
bound iodine following massive doses of inorganic iodine. Fed. Proc.8: 31 (March) 
1949. 

9. B.\rker, S. B. : Determination of protein-bound iodine, J. Biol. Chem. 173: 
715-724 (April) 194S. 

10. Danowski, T. S., and Greenman, J. H. Unpublished studies. 

11. Heinem.^nn, M.; Johnson, C. E., and Man, E. B.: Elevation of serum precipi- 
table iodine during pregnancj', (Proceedings) J. Clin. Investigation 25: 926 (Nov.) 
1946. 

12. Heinemann, M.; Johnson, C. E., and M.\n, E. B.: Serum precipitable iodine 
concentrations during pregnancj*, .7. Clin. Investigation 27: 91-97 (Jan.) 194S. 

13. Peters, J. P.; Man, E. B., and Heinemann, M.; Pregnancj* and the thj*roid 
gland, Yale J. Biol, cl* Med. 20: 449-463 (May) 194S. 

14. H.ARniNG, V. J.: Metabolism in pregnancj*. Physiol. Rev. 5: 279-309 (Julj*) 1925 

15. Rowe, A. W., and Boyd, W. C.: The metabolism in pregnancj*. IX. The foetal 
influence on the basal rate, /. Nutrition 5: 551-569 (Nov.) 1932. 

16. Tompkins, P.: Use of basal temperature graphs in determining date of o\*ulation, 
J. A. M. A. 124: 69S-700 (March 11) 1944. 

17. D.avis, ^1. E., and Fdgo, N. W.: The cause of phj*siologic basal temperature 
changes in women, J. Clin. Endocrinol. 8: 550-563 (Julj*) 1948. 




776 


HENRY J. WINSAUER AND JOSEPH C. MANNING Volume 9 


had numerous old surgical scars, but no striae. The viscera were not palpable and no 
masses were palpated in the renal areas. Pelvic examination revealed a clitoris 2^ centi- 
meters in length and 1 centimeter in diameter (Fig. 2B). There was a nulliparous vagina 
and a small soft cervix. The uterus showed multiple uterine fibroids on bimanual exam- 
ination. Adnexal areas could not be adequately examined because of the obesity and 
the fibroids. The extremities were normal. 



Fig. 2. A. Showing hirsutism of chest and arms. B. Showing hypertrophied 
clitoris 2\ cm. in length and 1 cm. in diameter. 

Laboratory examinations. Roentgenograms revealed a normal chest and skull. Exam- 
ination of the renal areas by spot films, as well as intravenous pyelograms, showed noth- 
ing abnormal. The urine was normal and the Wassermann and Kahn tests were negative. 
The blood count on admission showed a hemoglobin of 16 grams, red blood cells 4.8 
million, white blood cells 10,200 and a normal differential. The total nonprotein nitrogen 
was 28 mg. per cent, and the phenolsulphonphthalein urinary excretion was 50 per cent 
in one-half hour. Total serum protein was 6.9 Gm. per cent with albumen 5.3 grams and 
globulin 1.6 grams. The serum chloride level was 618 mg. per cent, cholesterol 185 mg. 
per cent and the cholesterol esters 59 mg. per cent. The Friedman test was negative. A 
twent 3 '--four hour urine specimen contained 146.5 mEq. of sodium per liter and 32 mEq. 
of potassium per liter. The urinary excretion of 17-ketosteroids in twenty-four hours was 
43 mg. Oral glucose tolerance and glucose-insulin tolerance tests showed a mild diabetic 
tendency and insulin resistance (Fig. 3). Basal metabolic rates on successive days were 
plus 8, plus 5, and plus 17 per cent. The histamine phosphate test showed no significant 
change in the blood pressure after the intravenous injection of 0.05 mg. histamine phos- 
phate. The cold pressor test was normal. 

Surgery. On February 13, 1947, a laparotomy was performed. The adrenal areas were 
palpated through a left upper rectus incision and it was thought no tumor was present. 
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The past history is almost a surgical calendar, with cholecystotomy at 36 years of age, 
cholecystectomy and appendectomy at 45. At 53 she had an exploratory laparotomy for 
fibroids of the uterus, but they were not excised. Instead, she was told, a section of bowel 
was removed. At 54-55 }’ears a right iridectomj' and cataract removal was done. Then at 
59 years she underwent a left iridectomy and removal of a cataract. Mild diabetes, 
uterine fibroids and hypertension were confirmed during this latter hospitalization. 

Physical examination revealed a healthy-appearing elderlj' white female, definitely 
obese and ndth hca'v'j'-lensed spectacles. Her temperature was normal, weight 217 



Fig. 1. Showing recently shaved beard and receding hairline. 

pounds, pulse 76, and blood pressure 196/90. The scalp hair was noticeably thin and fine, 
with recession of the temporal hair line. There was coarse hair over the face, trunk, and 
arms with male distribution of the pubic hair (Figs. 1 and 2A). The distribution of fat 
was normal with the exception of a buffalo-tj'pe shoulder and neck contour. The skin 
was dry, coarse and brown. There were numerous pigmented elevated lesions, and raised 
waxj' irregular lesions on the face, neck, upper trunk and arms. Eye, ear, nose, and 
throat examination revealed nothing abnormal except for bilateral iridectomies. The 
thjToid gland was not enlarged. The breasts were pendulous, and the abdomen showed an 
excess of adipose tissue. The chest was clear. The heart was not enlarged. There was a 
soft, short systolic murmur at the apex, not transmitted. The obese, pendulous abdomen 
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A huge fibroid uterus was found and the right ovary was replaced by a tumor mass about 
3 inches in diameter. It had not invaded any of the surrounding tissues. The tumor was 
removed with some difficulty through a right McBurney incision. The patient’s condi- 
tion throughout the operation was good; however, the blood pressure dropped to 140 
systolic during the last half hour. 

Postoperatively the patient received a total, of 365 mg. adrenal cortical extract 
(Percortin) over a six-day period, and 9 grams of sodium chloride daily in excess of her 
food intake for the first week. The blood pressure gradually increased during this period 
to preoperative levels. The temperature was normal at the fifth postoperative day. 
Laboratory examinations postoperatively and before discharge revealed a normal blood 



Fig. 4. A. Tumor of ovary. Gross specimen intact showing marked lobulation. B. Cut 
section showing solid character of the tumor and lobulation produced by pseudo- 
capsules. 

count and urine. The serum chloride level was 680 to 711 mg. per cent, serum sodium 
127 mEq. /liter and serum potassium 0.43 mEq./liter. The 17-ketosteroids were re- 
ported as 1.7 mg. in the twenty-four hour urine specimen. There was no significant 
change in the glucose-insulin tolerance test, the patient still showing an insulin resist- 
ance. At the time of discharge the patient was told to take stilbestrol 1 mg. daily three 
weeks out of every month. 

Pathologically the specimen consisted of a tumor measuring 10 cm. in length, 8 cm. in 
greatest width, and 4.5 cm. in thickness (Fig. 4). Its external surface showed a capsule 
which was thin and did not appear to be intact over the entire specimen. The tumor 
mass was lobulated, and was homogeneous yellow in color except where the capsule was 
stained by blood. The lobular arrangement of the tumor was seen on cut section with the 
color again a bright yellow and soft in consistency. At one extremity of the tumor was an 
area softer than the remainder and somewhat red in color. This was thought to represent 
necrosis. The tumor weighed 130 grams. 
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cells appeared to be arranged in strands or columns with a fine reticular stroma between 
the columns. The fine reticular stroma separating the surrounding cells appeared to be 
lathei vascular with small papillary channels filled with red blood cells. The individual 
cells, in themselves, had a fine reticulum within the cytoplasm. With Sudan III stain, the 
cells were packed with fat (Fig. 6), and chemical analysis of the tissue showed it to be 
composed of approximately 85 per cent fat (8). 

Postscript: A one year follow-up on this patient has shown a loss of most of the hair 
of body and extremities. The patient shaves three times weekly. Weight and lilood pres- 
sure have remained as previously. The clitoris is grossly smaller and softer. The mascu- 
line characteristics have receded but have not disappeared. The patient had homologous 
serum jaundice 3^ months after leaving the hospital. 

DISCUSSION 

The symptoms and signs associated with this tumor are beginning to be 
fairly well defined. However, the endocrine glands are so interrelated that 
the influence of the various hormones on one another has led to difficulty. 
As hormonal assays become more widely used it would seem that more 
distinct evaluation of clinical syndromes will be possible. In this type of 
tumor the symptoms as a rule are fairly well defined and consist of first 
defeminizing and later masculinizing signs and symptoms. This case was 
in a postmenopausal female who developed virilism and hirsutism. If 
Maxwell’s (9) case is excluded as a typical masculinovoblastoma, this case 
is the only one occurring following the menopause. Voice changes were 
present but not to a marked degree. With Iverson’s (10) table of clinical 
and morphologic features as a criterion, this patient fits in with those pre- 
viously reported. The duration of the disease was four years; there was no 
weight loss or gain in the already obese individual; there was no pain 
referable to the tumor mass; and there was no abdominal swelling or 
palpable mass. Libido could not be evaluated in this unmarried woman. 
As mentioned, hirsutism was the prominent symptom. The clitoris was 
hypertrophied. The breasts were pendulous but there was no remarkable 
atrophy of breast tissue. The 17-ketosteroid value was elevated to 43 mg. 
This was estimated according to Robbie and Gibson’s (11) rapid clinical 
method for extracting total urinary 17-ketosteroids. (The twenty-four 
hour specimen of urine, after hydrolysis with 10 per cent HCl, is extracted 
for ten minutes J)y refluxing with boiling CCh and the hormone content is 
determined by the alkaline m-dinitrobenzene technique.) No estrogen or 
gonadotropic hormonal assays were done, as the medical institution was 
not equipped to do these laboratory determinations. Hypertension had 
existed a number of years prior to the onset of hirsutism. Eleven years 
before this hospitalization the patient was told she was a diabetic, and in 
1940 she was given insulin for a period of months. The basal metabolic 
rate was within normal limits. These clinical and laboratory data fit in 
vdth the pathologic picture of a virilizing lipoid-cell tumor of the ovary. 
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Fig. 5. A. Low power photomicrograph showing tumor on the nght and ovarian tissue 
on the left. B. High power photomicrograph of tumor showing similarit 5 ' to adrenal 
cortical cells. 

Microscopic sections of the tumor revealed a tissue capsule surrounding tumor cells 
(Fig. 5). The capsule appeared normal for ovarian tissue. There were corpora albicantia 
present. The major portion of the tumor consisted of large polyhedral cells suggestive of 
lipoid-containing cells or adrenal cortical cells with deeplj' staining granular nuclei. These 














Fig. 6. Sudan III stain showing lipoid content of cells. 








PHEOCHROMOCYTOMA WITH HYPOTHALAMIC 
MANIFESTATIONS AND EXCESSIVE 
HYPERMETABOLISM 

A CASE REPORT 

W. RAAB, M.D. AND R. H. SMITHWICK, M.D. 

From the Division of Experimental Medicine, University of Vermont, College of Medicine, 
Burlington, Vermont, and the Massachusetts Memorial Hospital, Boston, Massachusetts 

T he apparently hypothalamic origin of certain functional disturbances 
occurring in cases of pheochromocytoma has only rarely been empha- 
sized. A case is reported here in which such manifestations were present 
as well as an extraordinarily high elevation of the basal metabohc rate and 
a sustained arterial hypertension. 

CASE REPORT 

M. T., a 28-year-old unmarried white female mill worker, was examined in Burling- 
ton, Vermont, on 'October 22, 1942. Family history: Parents, 5 sisters and 1 brother 
alive and well; 2 brothers died in early childhood of unknown causes. Past history: 
Scarlet fever, measles and mumps during childhood; otherwise always well. Menstrua- 
tion began at age 14 and was always regular. She did not smoke tobacco nor drink alco- 
holic beverages. 

Present illness: — During the year previous to examination she felt easily fatigued 
and lost weight (from 148 to 138 pounds) despite an excellent appetite and normal tem- 
perature. There was some palpitation and occasional shortness of breath, both on exer- 
cise and at rest; no dizziness; occasional moderate headache; and a slight degree of 
nervousness and irritability. A dusky red and bluish discoloration of her hands and legs 
developed during the year without being accompanied by any abnormal sensations. 
Once spontaneous blanching of one finger occurred, lasting twenty minutes. Her chief 
complaint was a continuous, intense perspiration from the waist up by day and night. 
Medication with Lugol’s solution for five months had no effect. 

Physical examination: — (1942). The patient was 5 ft. 6 in. tall, had a normal figure and 
healthy appearance. She was calm and cooperative. There was no conspicuous nervous- 
ness or motor restlessness, no exophthalmos or stare. The pupillary reflexes were normal. 
Some acne pustules were seen on the forehead, chin and back. The skin was very moist, 
especially so on the trunk and hands. There was an intensely dark, bluish-red, mottled 
discoloration of the lower legs and, to a lesser extent, of the hands. The discoloration 
faded markedly on elevation of the limbs and disappeared for a moment on local pres- 
sure. There was no edema. The deep reflexes were sluggish. There were no abnormal re- 
flexes and no tremors. There was no enlargement of the thyroid. No glands were 
palpable. 

The lungs appeared normal to percussion and auscultation. There was a constant 
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At present we must relj^ mostly on evidence in the field of clinical and 
pathologic diagnosis for the classification of these tumors. The adrenal 
rest tumors of the ovary are very much alike in their microscopic picture 
but may vary in details enough to be confused Avith arrhenoblastoma(12). 
Our tissue has been submitted to the Gjmecological Tumor Registry and 
has been classified bj" them as an adrenal rest tumor of the ovary (sjmo- 
nyms being masculinovoblastoma, hj^pernephroma of the OA'ary, adrenal 
cortical cell tumor of the ovar}', and virilizing lipoid cell tumor of the 
ovary) . 

SUMMARY 

1. The clinical picture of a masculinizing sjmdrome in a postmenopausal 
woman, age 65, is presented and discussed. 

2 A tumor mass which replaced the right ovarj*^ was remoA'ed. 

3. Pathologically the tumor followed the picture described for an adrenal 
cortical cell tumor of the ovar 3 \ 

4. This case is reported in an attempt to increase the knowledge of the 
clinical entity produced bj’- a masculinizing tumor of the ovary, or mas- 
culinovoblastoma. 
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tion of the systolic pressure of only 20 min., and of the diastolic pressure of 10 ram. A 
benzodioxane test was not done, as this test liad not yet been published before surgery 
was undertaken. The cold pressor test had no appreciable effect on the systolic and 
diastolic pressures. Sedation caused a inaxiimim fall of the blood pressure to 150/90 
mm. Postural fall of the blood pressure Avas repeatedly observed {e.g., from 190/120 to 
146/106) and was accompanied by cardiac acceleration {e.g., from 108 to 140 beats per 
minute.) 

Most striking Avas the blood pressure-depressing effect of sIoav hyperventilation in 
the recumbent position (Fig. 1). Both systolic and diastolic pressures fell to entirely 
normal levels Avithin 15 minutes, Avhile the heart rate remained unchanged. 

190 
180 
170 
160 
150 
140 
130 
120 
no 
100 
90 
80 


MIN. 

Fig. 1. Fall of systolic and diastolic blood pressure during fifteen minutes of hyper- 
A^entilation, folIoAved by the usual return toAA'ard the preAuous level after cessation of 
hj’^perventilation in the first experiment. The second e.xperiment AA'as interrupted. 

Basal metabolic rate determination^ Avere made tAvelve times betAveen 1942 and 1945. 
During this period the B.iM.R. varied betAveen plus 69 per cent and plus 142 per cent, 
i;emaining mostly above plus 100 per cent. These readings Avere not affected by plugging 
the ears in order to eliminate a possible error through escape of ox 3 "gen. In 1947 the 
E.M.R. AA^as considerably loAA'er: plus 22, plus 33 and plus 36 per cent. 

Urine specific graAoty was 1014 to 1032. Albumin aa^s 0 to 1.5 per cent (usually 0), 
sugar Avas 0 to 1.7 per cent (usually 0) and acetone Avas 0 to 3 plus (positive after tAventj'- 
four hours of a carbohydrate-free diet but also AA'ithout such provocation). P.S.P. ex- 
cretion in tAvo hours Avas 30 per cent in 1 944 and 51 per cent in 1947. Creatinine excretion 
in tAventy-four hours Avas 1.9 Gm. (1944). In a 24-hour specimen the 17-ketosteroids AA-erc 
3.5 mg. (1944, courtesy of Dr. H. Friedgood, Harvard Medical School). 
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tachycardia of about 120 beats per minute, a short systolic murmur over the apex and 
accentuation of the second aortic sound. The blood pressure was 220/130. 

The abdomen was normal. The hymen was intact. The uterus was small and retro- 
verted. 

On the right eye ground, blurring and hemorrhages were seen in the lower temporal 
region of the disc margin and along the vessels extending into the fundus; the left eye 
showed papilledema and distended and tortuous veins. The ears were normal. 

Initial laboratory and X-ray findings: — The electrocardiogram showed the following 
details; sinus rhythm, left axis deviation, PR 0.16 seconds, QRS 0.0.5 seconds, RT verj' 
slightly depressed in leads 1 and 2, T abnormally low in leads 1 and 2. On roentgen 
examination the heart appeared normal in size, shape and position; there was no indica- 
tion of a substernal goiter. The pyelogram showed normal position of the kidneys and 
no abnormal shadows. A skull plate showed a normal sella turcica and no signs of in- 
creased intracranial pressure. 

Examination of the blood showed a color index of 0.9, a count of 4,600,000 red cells, 
12,100 white cells and a normal differential. The sedimentation rate was 17 mm. per 
hour. The Y'asserraann and Eagle tests were negative. 

The basal metabolic rate was plus 69 per cent (one month earlier it had been plus 
97 per cent). 

Clinical course: — The patient felt subjectively well until the night of Februarj' 1, 1943, 
when she had a sudden attack of cough, dyspnea, choking, e.xpectoration of frothy 
sputum, and cyanosis, which lasted for two hours and from which she recovered rapidl}’ 
without a recurrence. 

On June 5, 1943, she suddenly developed Ixigh fever (about 104° F.) which lasted for 
three days. She was restless, the heart rate was 140, but examination did not reveal any 
other abnormalities. Subsequently she felt exhausted for a month and she suffered from 
intense thirst which compelled her to drink 4 to 5 liters of water dailj- and to urinate si.x 
to eight times every night. At the same time, there was an irresistible craving for carbo- 
hydrates. She used to get up two or three times every night to eat a dishful of cereal 
each time. Menstruation ceased abruptly. Her weight dropped from 125 to 116 pounds. 
Within five months the poh'dipsia and polyphagia disappeared, menstruation reap- 
peared, her weight returned to its former level and she resumed her work without further 
difficulties. 

From Xoverabev 1943 to January 1944, she received a daily dose of 0.6 Gm. of thio- 
uracil. During this treatment the pulse rate decreased slightly (to about 110 per minute), 
but the basal metabolic rate and the blood pressure remained practically unchanged at 
a high level. The further clinical course from 1942 until her admission to the Massachu- 
setts Memorial Hospital in Boston in 1947 was uneventful, except for a miscarriage 
three months after her marriage in 1946. 

During these five years she was frequently examined, however, and the following 
findings were obtained: 

Blood Pressure: fluctuated between 146 and 220 sj'stolic and 106 and 130 diastolic, 
remaining mostly at the upper levels. Physical exercise was accompanied by a fall of the 
systolic and diastolic pressures, e.g., from 146/102 to 132/0. The pulse rate rose simul- 
taneously from 120 to 160 per minute. Subcutaneous injections of 0.1, 0.2 and 0.4 mg. 
of adrenalin did not affect the blood pressure level; intravenous injection of 0.2 mg. 
caused a sudden rise from 170/100 to 260/140, followed by a return to normal within 
four minutes. Intramuscular injection of 0.05 mg. of histamine was followed by an elcv- 
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prominent nuclear membranes; in the smaller cells the nuclei were round or ovoid and 
vesicular. No mitoses were seen. 

Bio-assay of the tumor was carried out by Dr. 0. Krayer of the Harvard Medical School 
with tests on blood pressure and isolated gut. It revealed that tumor extracts exerted 
activities corresponding to an epinephrine equivalent of 0.3 mg. per gram of fresh tissue. 

Kidney tissue removed during the operation showed the following histologic details: 
“occasional arterioles and pre-arterioles present slight intimal sclerosis and/or hyaline 
deposition, and a few arteries show slight to moderate intimal sclerosis. There are three 
hyalinized glomeruli. The other glomeruli are normal or show only slight hyaline thick- 
ening of capillary basement membi-anes.” Diagnosis: nephrosclerosis, grade 1. 

COMMENT 

The case described here appears significant because of its unusual 
symptomatology and because of its analogies with the syndrome of essential 
hypertension, which emphasize the possibility tliat both clinical entities 
have closely related neurohormonal pathogenic mechanisms in common, 
as suggested by various investigators (1, 2, 3). 

Manifestations pointing toward a participating diencephalic disturbance, 
not infrequently observed in cases of pheochromocytoma, were the follow- 
ing: hyperhidrosis, hyperthermia, polydipsia, polyuria, polyphagia and 
amenorrhea. Furthermore, there was extreme hypermetabolism of non- 
thyrotoxic origin with no response to thiouracil and prompt normalization 
after removal of the pheochromocytoma. The latter phenomenon may have 
been due, to some extent, to the experimentally demonstrated (4) role of 

Table 1 


Highest B.M.R, readings in hypertensive* patients in whommo pheochromocytoma was 
suspected or diagnosed, as reported bj’’ various authors 


B.M.R. 

Reference 

B.M.R. 

Reference 

B.M.R. 

Reference 

+20 %t 

(6) 

+38% 

(14) 

+55% 

(22) 

+20% 

(7) 

+40% 

(15) 

+77% 

(23) 

+20% 

(8) 

+41% 

(16) 

+80% 

(24) 

+28% 

(9) 

+50% 

(17) 

+82% 

(25) 

+31% 

(10) 

+50% 

(18) 

+84% 

(26) 

+33% 

(11) 

+52% 

(19) 

+ 122% 

(27) 

+35% 

(12) 

+55% 

(20) 

+ 160%t 

(28) 

+36% 

(13) 

+55% 

(21) 




* No cases with cardiac decompensation or uremia are included in the above compila- 


tion. 

t In 3.4% out of 170 cases with h 5 "pertension 
J Postencephalitic hypertension. 
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Blood chanislrij: Tlie blood sugar level (fasting) ivas 95 to IIS mg. per cent. A glu- 
ose tolerance curve was normal in 1944 and showed mild diabetes in 1947. N.P.N. was 27 
to 40 mg. per cent, creatinine 2 to 6 mg. per cent, cholesterol 233 to 320 mg. per cent, 
calcium 9.9 to 12.1 mg. per cent, phosphorus 3 to 6 mg. per cent, phosphatase 2.1 units, 
total iodine 11.3 micrograms per cent (courtesy Air. H. J. Perkin, Lahey Clinic, Boston), 
serum proteins 7.2 Gm. per cent, chlorides 104 milliequivalents per liter and alkali re- 
serve 2S.6 milliequivalents. Prothrombine time was normal. Adreno-sympathetic 
catechol compounds in the blood were within normal limits on two occasions (colori- 
metrically assayed). On the isolated frog hqart the serum caused a moderate increase of 
the amplitude. 

Elcdrocardiogram: Unchanged from 1942 to 1945. In 1947: T1 upright, T2 diphasic 
( 1-), T3 inverted and T upright in CF4, 5. Normal axis position. 

Heart size: (X-raj") 12.5 cm. in 1942, 13.1 cm. in 1947. The inner diameter of the chest 
was 27.5 cm. 

Electroencephalogram: (Dr. Toman) Normal with moderately strong alpha rhj*thm. 

Eye groutids: Somewhat improved after 1944. In 1947 : grade 2 hj-pertensive and grade 
1 sclerotic changes. 

Surgery: After repeated and prolonged persuasion, the patient finally entered the 
I^Iassachusetts Memorial Hospital in Boston in 1947 and on April 24 of that year the 
right sympathetic trunk was removed from D-10 to L-1 inclusive and the great splanch- 
nic from just above the celiac ganglion upward to the level of D-10. On the left side a 
tumor of the adrenal gland was found and resected. 

At the time of the removal of the tumor the blood pressure dropped precipitousl}* 
and this critical condition remained the same foilou-ing the operation. It necessitated 
the infusion of a total of 54 mg. of adrenalin within seventy-two hours in addition to sub- 
stantial amounts of blood and plasma. On the third postoperative daj* the blood pres- 
sure became stabilized. For six daj'S she remained mildly disoriented but on the fifteenth 
postoperative day she was discharged in good condition. At that time the blood pressure 
ranged frem 110/72 to 135/100 and the pulse rate from 78 to 100. 

When she was seen one month later in Burlington, she felt perfectly well. The dis- 
coloration of legs and hands and the excessive perspiration had disappeared. The blood 
pressure was 104 to 116 systolic, 78 to SO diastolic and the pulse rate was 81 to 144 (the 
latter only in the standing position). The electrocardiogram was normal. The urine was 
normal. P.S.P. excretion was now 70 per cent in two hours. The B.M.R. was plus 2 per 
cent. According to recent reports she is still in excellent health. She gave birth to a 9 
lb. 6 oz. child on Jan. 27, 1949. 

Pathology of the tumor: — (Dr. J. Diamond) The adrenal tumor measured 4.3 cm, in 
length, 3.1 cm. in width and 2.5 cm, in thickness. It weighed 20.7 grams with a minute 
remnant of uninvolved adrenal tissue at either pole. It showed thin yellow patches of 
cortical tissue beneath the capsule and small areas of hemorrhage. The medulla was 
reddish-gray and soft. In the mid-portion there was a small cyst which contained thin, 
red fluid. 

Microscopicalh' the tumor was identified as a pheochromocj'toma, consisting of 
adrenal medullary cells arranged in compact cj’lindrical cords which were bounded by 
fibrocollagen. The cells varied from a small round form to a moderate sized fusiform 
shape, interspersed with many extremely large cells whose boundaries were indistinct. 
The cytoplasm was eosinophilic in all types of cells, finely granular with a fine reticula- 
tion and occasional vacuolization. The larger cells contained verj' large nuclei with 
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SUMMARY 

A case of pheochromocytoma is reported which showed the following 
peculiarities: sustained arterial hypertension; tach 3 ^cardia; hyperhidrosis 
of the trunk; fall of the blood pressure to normal levels during hyperventi- 
lation; hypermetabolism with a basal metabolic rate as high as plus 142 
per cent; hypothalamic manifestations (hyperthermia, polyuria, poly- 
dipsia, polj^phagia) ; occasional glycosuria and acetonuria; acrocyanosis; 
vascular retinopathy and impaired kidney function. 

All pathologic phenomena disappeared promptly after removal of the 
adrenal tumor. 

Certain analogies of symptoms and neurohormonal pathogenic mecha- 
nisms with those of essential h 3 '-pertension are briefl 3 '' discussed. 
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the diencephalon in the regulation of general oxygen consumption. On the 
other hand, there exists an extensive literature, recent^^ reviewed by B. 
Kisch (5), concerning the catalytic, oxygen-consumption-stimulating 
function of epinephrine and of its quinoid derivative (omega, adreno- 
clu-ome) which makes it probable that the sometimes very marked eleva- 
tions of the B.M.R. in cases of pheochromoc 3 ’toma are caused bj' the pres- ' 
ence of abnormal amounts of these and related substances. 

Since high basal metabolic rates are frequentlj' found both in cases of 
pheochromocj'toma-induced and of essential h3T3ertension (Table 1), this 
peculiarity can be listed together with the man 3 ’^ metabohc, cardiovascular, 
electrocardiographic, renal, cerebral, neurovegetative and ocular abnor- 
malities which occm- in both conditions, even though in var 3 dng fre- 
quenc 3 '’ and distribution. 

The phenomenon of a marked fall of the blood pressure during slow 
h 3 q)erventilation, which was particularl 3 ’- pronounced in the case reported 
here (Fig. 1) has been interpreted as a criterion of abnormal central vaso- 
motor irritabilit 3 ’^ (29, 30, 31). It, too, is not specific for pheochromoctyoma- 
induced h 3 q)ertension but constitutes a common finding in essential h 3 'per- 
tension (29-39). 

Indications for a fundamental significance of h 3 T)eractive S 3 Tnpathomi- 
metic neurohormones in the pathogenic mechanism of pheochromoc 3 ’toma- 
induced as well as of essential h 3 q)ertension are steadil 3 >- increasing (1, 2, 3). 

In the case of pheochromoc 3 i:omas, epinephrine and nor-epinephrine (40), 
discharged from one primar 3 " som-ce (the tumor) into the general circula- 
tion, are the responsible agents. In essential h 3 ’pertension, on the other 
hand, nor-epinephrine (s 3 "mpathin) (41-44), which is discharged from a 
multitude of postganghonic fibers into their respective cardiovascular 
effector cells (45^8), must be suspected as an important causative factor 
(1). Whether an epinephrine-like vasopressor amine (encephalin) which 
has recentl 3 '^ been isolated from the brain (49) is involved in the h 3 'po- 
thalamic features, occurring both in pheochromoc 3 ’toma-induced h 3 q)er- 
tension and in essential h 3 q(ertension (3, 11, 25), remains to be inves- 
tigated. 

Cases such as the one described above in which all cardiovascular, 
neurovegetative, metabohc, renal and other abnormalities disappear 
promptb’' after surgical intervention, emphasize the value of a timeh' 
ehmination of the epinephrine-nor-epinephrine-discharging tumor. Similar 
results, achieved through surgical removal of nor-epinephrine-discharging 
S3^mpathetic nervous tissue in essential h 3 ’pertension (48, 50, 51), serve as 
a further indication of pathogenic similarities which are a challenge for 
more S3'stematic stud3’- of this field. 
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Tile Association for tlie Study of 
Internal Secretions 
Request for Biographical Data for 

New Roster 

The membership roll of the Association is being revised in preparation 
for the issuance of a new Roster as of December 31, 1949. Copy for this must 
be in the hands of the printer not later than October 1, 1949. 

Return postal cards are being mailed to members requesting the follow- 
ing information: 



Members are urged to complete and return the card immediately and to 
keep the Secretary informed at all times of any change in the above. 

Henry H. Turner, M.D. 
Secretary-Treasurer 
1200 North Walker Street 
Oklahoma City 3, Oklahoma 

The 1950 Meeting of the Association 
for the Study of Internal Secretions 

The next Annual Aleeting of the Association will be held in San Fran- 
cisco, June 23 and 24, 1950. The hotel in which we will meet has not yet 
been determined because of the uncertainty of AMA commitments, but it 
will be announced in an early issue of the Journal. Members are urged to 
their hotel reservations as soon as po.ssible. 
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Letter to the Editor 

HYPOGLYCEMIA IN THE EARLY PHASE OF 
ADRENOCORTICAL CARCINOMA 

Comments on the paper “Corticoadrenal Tumor with Hypogh’cemic Sjuidronie, 
Goiter, Gynecomastia and Hepatosplenomegaly” b 3 ' Juan Jose Staffieri, Oscar Games 
and Jos6 M. Cid. {J. Clin. Endocrinol. 9: 255-267 (March) 1949). 

TO THE editor; 

At the meeting of the Association of American Ph 5 'sicians in 1946 (discus- 
jL3l. sion of paper by Thorn, G. W.: Tr. A. Am. Physicians 54: 119, 1946), 
I communicated the incidence of hj'poglycemia in 3 patients (2 females, 
1 male) with adrenocortical carcinoma. All 3 cases were confirmed bj’’ 
biopsies. In one of the females, the hj^poglycemia was first recognized in a 
state of hjiioglyceriiic attack with unconsciousness. Slight hjTperglycemia, 
however, developed in later phases of the disease in aU 3 patients, These 
patients exhibited disfiguring puffiness of their faces and severe eruptions 
of acne. The females had onlj'- slight wilism. The male patient showed 
gjmecomastia, which also persisted after successful removal of the tumor 
(Dr. Kenneth Thompson). The male patient is still alive tlmee and one- 
half years after operation. Both females died. They had large livers with 
metastasis of the tumor. In 2 cases (1 female and 1 male) the ll-oxj’-steroids 
in the urine were found increased (Dr. Nathan Talbot, Boston) : 7.6 mg. 
per cent and 1.3 mg. per cent respectively (normal 0. 1-0.3 mg. per cent). 

S. J. Thaxxh.^tjseb, M.D., Ph.D. 
iMay 2, 1949. 

Joseph H. Pratt Dia^ostic Hospital, 

30 Bennet Street, 

Boston, Massachusetts. 


791 



794 THE 1950 AWARDS OF THE ASSOCIATION Volume 9 

to Dr. E. C. Kendall; in 1946 to Dr. Carl G. Hartman;. in 1947 to Drs. 
Carl F. and Gerty T. Cori; in 1948 to Dr. Fuller Albright; and in* 1949 to 
Dr. Herbert M. Evans. In 1943 no award was given. A special committee 
of five members of the Association selects the recipient from among in- 
vestigators in the United States or Canada, on the basis of outstanding 
contributions to endocrinology. 

The Ciba Award 

The Ciba Award to recognize the meritorious accomplishment of an 
investigator not more than 35 years of age in the field of clinical or pre- 
clinical endocrinology was established in 1942, but no recipient was selected 
in 1942 or 1943. In 1944 the award was presented to Dr. E. B. Astwood; 
jn 1946 to Dr. Jane A. Russell; in 1946 to Dr. Martin M. Hoffman; in 1947 
to Dr. Choh Hao Li; in 1948 to Dr. Carl Heller; and in 1949 to Dr. George 
Sayers. The Award is for $1,200. If Avithin twenty-four months of the date 
of the AAvard, the recipient should choose to use it toward further study in 
a laboratorj'- other than that in which he is at present working, it will be 
increased to $1,800. 

* .f; ^ .-J: 

NOMINATIONS 

Each member has the privilege of making one nomination for each Fel- 
lowship or Award. A nomination should be accompanied by a statement of 
the importance of the nominee’s contributions to, or interest in endocrin- 
ology and by a bibliography of the nominee’s most important publications, 
with reprints if possible. The nominations should be made on special 
application f arms which may be obtained from the Secretary, Dr. Henry H. 
Turner, 1200 North Walker Street, Oklahoma City, Oklahoma, and re- 
turned to him not later than March 15, 1950. 

Tlie 1950 Meeting of the American 
Goiter Association 

The next meeting of the American Goiter Association Avill be held at 
the Hotel Shamrock, Houston, Texas, March 9, 10, and 11, 1949. It is 
recommended that all physicians wishing to attend make their hotel 
reservations earl 3 ^ 



Tlie 1950 Awards of tte Associa- 
tion for tke Study of Internal 
Secretions 

FELLOWSHIPS 

The Avehst, McKenxa axd Harrisox Fellowship 

The Ayerst, McKenna and Harrison Fellowship was first awarded in 
1947 to Dr. Samuel Dvoskin and in 1948 to Dr. Erne.st !M. Brown, Jr. Dr. 
Brown was re-elected for the Fellowship in 1949. 

The Scherixg Fellowship ix Exdocrixology 

The Schering Fellowship in Endocrinology' was established in 1949 and 
the first recipient was Dr. D. Lawrence Wilson. 

Association Fellowships are designed to assist men or women of excep- 
tional promise in their progress toward a scientific career in endocrinology. 
Fellowships may be awarded to an indiHdual who possesses the Ph.D or 
!M.D. degree or to a candidate for either of these degrees. The stipend, 
which will not exceed 82,500, may be diHded into two Fellowships in vary'- 
ing amounts in accordance with the qualifications of the appointee. The 
Committee will, in renewing the proposed program of study', consider the 
amount of time which the Fellow intends to spend in course work and/or 
teaching. He must present eHdence of scientific abihty' as attested by' stud- 
ies completed or in progress and/or the recommendation of responsible 
indiA'iduals. He must submit a program of proposed study*. He must indi- 
cate one or more institutions where the proposed program will be fol- 
lowed. He must submit statements of approval from the investigators with 
whom he proposes to conduct his research. He must serve full time if 
awarded a Fellowship. A small amount of time (10 to 15 per cent) may' be 
allotted for course work or for participation in teaching, the latter purely* 
on a voluntary* basis. 

AWARDS 

The E. R. Squibb axd Soxs Award 

The E. R. Squibb & Sons Award of 81,000 was established in 1939, and 
was given first in 1940 to Dr. George W. Corner; in 1941 to Dr. Philip E. 
Smith; in 1942 to Dr. Fred C. Koch; in 1944 to Dr. E. A. Doisy;in 1945 
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The ketosteroids were determined in 24-hour urine specimens by an 
adaptation of the method of Robbie and Gibson previously described 
(18, 19). Specimens were collected once a week for a sufficiently long period 
of time to cover a complete menstrual cycle. 

Figure 1 represents weekly values of ketosteroid excretion in 2 normal 
young women in relation to the day of the menstrual cycles. The limits of 
the normal female excretion range as found in this laboratory (5 to 18 milli- 
grams per 24 hours) are indicated by horizontal broken lines. The excretion 
pattern is in agreement with the observation mentioned above, that there 
is apparently no pronounced change in the excretion level at any particular 
phase of the cycle. 



Fig. 1. Ketosteroid excretion in normal women. 

Figure 2 represents in the same way the ketosteroid excretion in 9 cases 
of idiopathic hhsutism in which a complete record could be obtained. It is 
evident that a) the excretion level is in general well above the normal 
range, but may at times drop to normal values, b) there is a cyclic varia- 
tion associated with the menstrual cycle, and c) the maximum excretion 
values are found at the approximate time of ovulation. The excretion 
levels satisfy the varying qualifications in the literature, ranging from 
normal to elevated, depending on the phase of the cycle during which the 
determination is made. 

The cyclic variation pattern can be regarded as originating in one of two 
ways: 1) the total excretion of the adrenal cortex of these patients is sub- 
ject to cyclic change, or 2) the output of the adrenal cortex does not vary 
appreciably but is augmented by excretion from another source which is 
subject to ovarian change. 

If was thought useful to compare these findings with the ketosteroid 
excretion pattern of normal female rats in relation to the estriis cycle. To 
that end, total daily ketosteroid determinations were made on the urine of 
isolated adult virgin female albino rats with established regular estriis cycles. 



"^'OLTTJrE 9 


The Journal of 
CLINICAL 
ENDOCRINOLOGY 


Ntj-aibee 9 


septe:mber, 1949 

Copi'right 19-t9 by the Awociation for the Study of Internal Secretions 


THE EXCRETION OF IT-KETOSTEROIDS IN 
IDIOPATHIC HIRSUTISM 

PETER KOETS, Ph.D.* 

From the Department of Obstetrics and Gynecology, Stanford University School 
of Medicine, San Francisco, California 

T he observations which have been published on the excretion of uri- 
nary 17-ketosteroids in normal women show that, though fluctuations 
in the excretion level occur, no sj^stematic relation can be demonstrated 
between these fluctuations and the different phases of the menstrual cycle 
(1-1 !)• The level of ketosteroid excretion during the menstrual cycle is on 
the whole remarkably constant, in contrast to that of other substances of 
hormonal origin. 

Ketosteroid excretion in hirsutism has been reported as high or verj^high, 
only when the condition is associated with the presence of a masculinizing 
tumor (adrenal or ovarian) . In other cases of hirsutism the excretion range 
has been described as “within the normal range,” “tending toward the 
male range of excretion,” or as “moderately elevated” (3, 9, 12-17). 

The following report deals with the 17-ketosteroid excretion of 9 pa- 
tients complaining of increased growth of facial and body hair. The patients 
ranged in age from 21 to 30 years ; 4 were single, 5 were or had been married 
and none had children. Menstruation in all patients was described as regu- 
lar or essentiaUj’’ regular. The complaint of increased hair growth extended 
over periods varjdng from two to four j'ears. Phj'sical examination re- 
vealed no gi’oss change in organs or other cause of this condition. 

Received for publication Januarj’ 25, 1949, 

* Agnes Lemme Schilling Fellow in Obstetrics and GjTiecologj’. 
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estrus can be ascribed to stimulation of this organ, directly or indirectly, 
by the animal’s estrogens. 

From the similarit}^ of the excretion patterns the conclusion can be 
tentatively advanced that the increased ketosteroid excretion in idio- 
pathic hirsutism is likewise the result of a stimulation of the adrenal cortex 
by ovarian hormones and that the condition of these patients is due to a 
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Fig, 3. Ketosteroid excretion in normal female rats. (C indicates 
a vaginal smear showing cornified cells.) ^ 


sensitivity of the adrenal cortex which is absent or imperceptibly small in 
normal women. 

It should however be borne in mind that it may not be the cyclic varia- 
tion of the ketosteroid excretion of the hirsute patient which requires an 
explanation but rather the relative constancy of the excretion during the 
menstrual cycle of the normal woman. It is possible that in the latter a 
stimulation of the adrenal cortex is balanced by a simultaneous inhibition 
of the adrenotropic activity of the pituitary gland. The possibility of such 
an inhibition seems indicated by observations of Ross and Hamblen 
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The results are represented in Figure 3. It is evident that a pronounced 
variation of ketosteroid excretion exists, and that the maximum excretion 
occurs at the time of vaginal cornification, that is, at mid-estrus, corre- 
sponding to the time of ovulation in woman. The excretion pattern of 
these normal female rats is therefore similar, not to that of normal women, 
but to that of the hirsute patients. 


1 10 ZO 30 

DAY OF CYCLE 


10 20 30 1 


I 10 20 t 


Fig. 2. Ketosteroid excretion in idiopathic hirsutism. 


After ovariectomj^ of the rat the cyclic variation of the excretion level 
ceased and the level dropped to minimal values. After adrenalectomj^ of an 
otherwise intact rat, the ketosteroid excretion dropped to below measur- 
able levels. 

This pattern is e^ddently the chemical expression of the changes in the 
adrenal gland pre\nously described by Andersen and Kennedy and by 
others (20, 21) who observed that the weight of the adrenal cortex of the 
female rat varies with the estrus cycle, reaching its highest value at estrus, 
and that in spaj^ed animals the increase in weight can be brought about 
bj^ injections of estrogen. This change in the adrenal cortex at the time of 
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(22-24) of a temporary rise of ketosteroid levels after cessation of ovarian 
activity. Lack of data on adrenotropic hormone output in relation to the 
phases of the menstrual cycle does not make further speculation on this 
point profitable. 

SUIIMAKY 

Ketosteroid excretion levels in 9 cases of idiopathic hirsutism, measured 
at weekly intervals during complete menstrual cycles, show a cyclic vari- 
ation ^vith a maximum excretion at the approximate time of o^'ulation, in 
contrast to the relative constancy of excretion in normal women. The 
maximum le.vels are invariaJDly well above the upper limits of the normal 
excretion range. 

A similar cyclic excretion pattern with a maximum at the time of estrus 
is observed in normal female rats in which variations in weight of the 
adrenal cortex with the estrus cycle were known to occur. 

The conclusion is tentative!}’’ advanced that the condition of the hirsute 
patient is connected with a sensitirtty of the adrenal cortex to ovarian 
hormones which is absent in normal women. 
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We also conducted a few brief studies with (Ca) 4-n-propyl-6-oxy- 
P3U’imidyl-2-mercaptoacetic acidd which for convenience we refer to as 
2- (acetic acid) propylthiouracil. 

The formulas of three of these compounds are shown in Figure 1. 
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5-Iodo-2-Thiouracil 

(a) Effect upon thyroid size and concentration of non-radioiodine in rats. 

Barrett et al. (2) found that 5-iodo-2-thiouracil injected subcutaneously 
in rats was approximately one-half to one-third as effective as 2-thiouracil, 
judged by goitrogenesis or decreased iodine in the thyroid. When iodo- 
thiouracil was fed at a 50 per cent higher level, on a molar basis, than was 
thiouracil, it Avas found that the former was about one-half as effective as 
thiouracil in decreasing the (total) iodine content of the thyroid gland and 
less than 50 per cent as effective in goitrogenesis. When equimolar quanti- 
ties of potassium iodide and thiouracil were given, the degree of goitro- 
genesis was greater than in the group which received iodothiouracil, and 
the iodine concentration in the thyroid was less (3). 

(b) Effect upon concentration of radioiodine in the thyroid of rats. 

Two experiments Avere conducted in rats, using radioactive iodine 
(F^Oj fo test the effect of iodothiouracil upon the uptake and release of 
the isotope by the thyroid. Its effects were compared AAoth that of an equiA^- 
alent amount of iodide alone, of thiouracil alone, and the tAvo in combina- 
tion. All of the rats used Avere male, Sprague-DaAvley strain, and Avere 
aged approximately 5 months. SeA^en rats served as controls and there 
Avere 4 or 5 in each of the other groups. Each Avas fasted for fifteen hours 
and receiA^ed 50 microcuries of radioiodine in 1 cc. of saline subcutaneously 
at the time indicated in the folloAving paragraphs. 

In the first experiment the antithyroid compound Avas administered tAVO 




THE ANTITHYROID ACTION OF 5-IODOTHIOURA- 
CIL, 6-METHYL-5-IODOTHIOURACIL, THIOCYTO- 
SINE AND (Ca) 4-n-PROPYL-6-OXYPYRIi\IIDYL- 
2-MERCAPTOACETIC ACID* 

ROBERT H. WILLIA^IS, IM.D.j BEVERLY T. TOWERY, 

M.D.. WALTER F. ROGERS, Jr., M.D., RENE TAGNON, 
M.D. .\XD HERBERT JAFFE, Ph.D. 

From the Thorndike Memorial Lahoralory, Second and Fourth Medical Sen-ices 
{Harvard). Boston City Hospital, and the Department of Medicine, 

Harvard Medical School, Boston, Massachusetts, and from the 
Department of Medicine, University of Washington, 

Seattle, Washington 

AN interest in the antithyroid acthdty of iodothiom-acil and thioejdo- 
jL\. sine was expressed in an earlier report (1) of observations upon vari- 
ous goitrogenic agents, but neither compound was available. 

It appeared possible that iodination of thiouracil might increase the con- 
centration of the compound in the thjToid, due to the a^^dity of the gland 
for iodine. Such a selective action would render it unnecessary to expose 
the other tissues to as much thiouracil as is usually the case. It was 
thought that even though the compound did not act in this manner it 
might possess an advantage over thiouracil, either in possessing a stronger 
antithyroid action or a less toxic one. Interest in the compound' persisted 
in spite of the fact that the antithj’^roid action of two iodinated amino- 
benzoic acids depended solely upon the effects of the iodine which they 
contained (1). 

Dr. H. W. Barrett and associates (2) recently synthesized o-iodo-2- 
thiouracil and 6-methyl-5-iodo-2-thiouracil and he and Dr. F. X. Gassner 
very kindly afforded us the opportunity to stud}" these compounds. 

HaHng studied sulfur derivatives of uracil and thj^mine we were in- 
terested in investigating thiocjdosine.^ It was thought that the variations 
in the intracellular distribution of the three natural pjTimidines might 
produce significantly different effects. 

Received for publication March 16, 1949. 

* IMost of the data were presented at the Annual Meeting of the Association for the 
Study of Internal Secretions, Chicago, June, 19, 1948. 

t Present address: Department of ^Medicine, University of Washington, Seattle. 

’ fi e are very grateful to Dr. Augustus Gibson of Merck and Co., Rahway, N. J., for 
our supply of thiocytosine and to Dr. Ernst Oppenheimer for the (Ca) 4-n-propyl-6-oxj'- 
pyrimidj'l-2-mercaptoacetic acid. 
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groups receiving iodine than in the group to which thiouracil alone was 
given. It was slightly greater in the ones to which were administered potas- 
sium iodide than in the ones given iodothiouracil. It is difficult to know 
jpst how much of the antagonizing effect of iodothiouracil is to be at- 
tributed to the compound as such, how much to iodide and thiouracil 
which may have been liberated from iodothiouracil, and how much to 
various combinations of these compounds. 

When the antithyroid compounds were administered two hours after 
the radioiodine larger quantities of isotopes accumulated in the thyroid 
than when they were given two hours before the tracer substance. How- 
ever, some antagonism was exhibited by each of the compounds in each 
experiment. There was less difference in the degree of effects of the com- 
pounds when they were administered after the isotope. 

(c) Effect upon discharge of radioiodine from the thyroid of normal subjects. 

Doctors Astwood and Stanley kindly conducted studies with iodothi- 
ouracil similar to the ones they used in testing the antithyroid effect of 
many compounds (4). The assay depends upon modification of a predicta- 
ble pattern of accumulation of radioactive iodine by the thyroid gland as 
detected by serial counts with an externally placed Geiger-Miiller counter. 
As compared with thiouracil the action of iodothiouracil was delayed, 
requiring six hours to be manifested. Dr. Astwood suggested that the 
delayed reaction might be associated with a slow liberation of iodine from 
the iodinated thiouracil. 

(d) Distribution of iodothiouracil throughout the body. 

Studies conducted to determine the distribution of iodothiouracil 
throughout the body were unsatisfactory because of the failure of iodo- 
thiouracil to give a satisfactory color reaction with Grote’s reagent. 

(e) Effect in patients with thyrotoxicosis. 

Twenty-nine unselected patients with thyrotoxicosis were given 40 
courses of therapy with iodothiouracil. Twelve of the patients were hos- 
pitalized while therapy was conducted. Mffiite blood cell counts were per- 
formed upon these individuals from one to two times weekly. The other 
patients were ambulatory, and were observed at weekly intervals; white 
blood cell counts were conducted in these whenever any infection was 
present. 

From 60 to 300 mg. was given daily in equally divided doses at approxi- 
mately eight-hour intervals; the usual dose was 150 mg. per day. 

The response varied considerably; some patients with severe thyrotoxi- 
cosis had a complete remission within ten days, whereas others never had 




Fig. 2. The groups designated as pre-I* received the antithyroid compounds tvo 
hours before radioiodine, "whereas the ones listed as post-I* "were given the isotope t"wo 
hours before the antithjToid compounds. The standard de^"iation from the mean is indi- 
cated. 


as is present in 50 mg. of iodothiouracil. All rats "n’ere killed four horn's 
after recei'\'ing radioiodine. The th^Toid gland "was removed, weighed 
quickly, ashed "with potassium hyroxide and the percentage of the adminis- 
tered dose of radioiodine ■v\'hich "was present in the th 3 T'oid was determined. 

The results of the two experiments are presented in Figure 2. It ma^' be 
observed that when anj' of the compounds was administered two hours 
before the radioiodine, the amount of the latter concentrating in the thj'- 
roid was markedh’^ lowered. The antagonism was greater in each of the 
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Table 1. Patients Treated avith Iodothiouracil. . 


Patient No. 

B. M. R. 

% 

Alaximal 
total daily 
dosage (mg.) 

Initial 

Maximal 

response 

Daj^s 

required 

#103 

+28 

+ 9 

9 

100 

#112 

+25 

0 

9 

100 


+39 

- 8 

8 

100 


+25 

+ 11 

9 

150 

#113 

,+74 

+20 

6 

150 

#114 

+24 

+ 8 

6 

150 

#115 

+29 

- 1 

9 

100 


+32 

+ 10 

14 

150 

#116 

+29 

+ 14 

7 

100 

#117 

+38 

+ 14 

24 

100 

#118 

+ 50 

+ 18 

7 

150 


+45 

+ 12 

20 

150 

#121 

+26 

+ 7 

12 

150 

#122 . 

+41 

+27 


150 


+31 

+23 

28 

150 

#123 

+30 

+ 11 i 

7 

100 


+27 

+ 17 

IS 

150 

#125 

+ 60 

i 

+ 1 

14 

150 

#126 

+ 59 

+ 3 

10 

150 


+ 60 

+26 

28 

200 

#127 

+25 

+ 7 

7 

150 


+ 17 

+ 8 

15 

90 

#128 

+45 

+ 15 

13 

150 

#129 

+50 

+ 11 

7 

100 


+54 

+ 7 

30 

150 
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a complete recoveiy (see Table 1). Of 15 subjects with a maximal response 
ill ten days, the average decrease in basal metabolic rate per day was ap- 
proximately 4 per cent; of 21 with a maximal response in fifteen days, the 
average decrease was 3 per cent. Means and associates (5) found that with 
iodide therapy alone the average fall in metabolic rate was 3.6 points per 
day. The indiinduals who had not experienced a complete remission within 
fifteen daj-s never had one, although some of them were treated for several 
additional weeks. Eleven patients never became completel}’’ free of thjTO- 
toxicosis, although each subject showed some improvement. None of the 
subjects who became euthyroid experienced a relapse under continued 
therapy, but in a few individuals with incomplete responses the thjTotoxi- 
cosis became less well controlled, although the dosage was increased. In no 
instance was there a complete relapse Avhile the patient was continuing 
therapy. However, following cessation of therapy a relapse was apparent 
within one or two weeks. Nine patients had two or more courses of therapy 
In three, the response was not as good with the second course as with the 
first, but in the others there was no essential difference. 

The response in the clinical manifestations of th 3 Totoxicosis was in 
keeping with the changes in basal metabolic rate. The thjToid gland 
generallj' remained the same size or became smaller. 

No definite ill-effect from therapj' was observed in anj' case. One in- 
di\'idual while receiving therapj’ developed generahzed aching, malaise and 
sore throat. The white blood cell count was found to be 2,600, with no 
change in the differential blood count. The white blood count returned to 
normal without interruption of therap 3 ^ In ^dew of these findings we are 
inclined not to attribute the illness to a toxic action of the drug. 

The response to from 100 to 200 mg. daity seemed to be as good as with 
200 to 300 mg. The maintenance dose appeared to be between 50 and 100 
mg. dail 3 ^ 

Five patients were subjected to thjToidectomy following preparation 
with iodothiouracil. In 4 the remission was not complete at the time of 
operation, 3 had had severe thj^rotoxicosis, and coronarj'’ heart disease was 
present in another. However, the operative and postoperative course of 
each was uneventful. Less difficult}' was encountered in remo'vdng the gland 
than is ordinaril}’’ the case after several weeks’ preparation with the cus- 
tomarj^ doses of thiouracil and Lugol’s solution. There was not much 
bleeding or friabiht}’^ of the gland; there was onl}’’ shghtl}’ more vascularit}* 
of the glands than in nontoxic goiters. Relatively' fittle change in the pulse 
rate or, blood pressure during the operation or in the pulse rate and 
temperature following it, was noted. In each of the 5 cases the thyuoid 
gland was found to be well involuted histologically', as illustrated in 
Figures 3 and 4. 
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within four weeks after cessation of therapy the metabolic rate was plus 46 per cent. 
Thus, whereas 50 or 60 mg. daily failed to control the thyrotoxicosis, 90 mg. daily was 
successful. 

Case 2, In Figure 6 is presented the response to therapy, as exemplified by the basal 
metabolic rate, of a housewife, aged 41, who had had manifestations of thyrotoxicosis for 
six months. The thju-oid gland was enlarged diffusely to approximately 60 Gm. With 
50 mg. of iodothiouracil twice daily for nine days the basal metabolic rate decreased from 
plus 25 per cent to 0. After 50 mg. daily, in one dose, for twelve days the rate was plus 



Fig. 3. Photomicrograph of thyroid (XlOO) of patient ivhose metabolic 
response to therapy is shown in Figure 8. 


8 per cent. Therapy then was discontinued. Three months later the basal rate was plus 
39 per cent; after 50 mg. twice daily for eight days it was minus 8. Therapy was again 
discontinued. Six weeks later the metabolic rate ivas plus 40 per cent, and after therapy 
for nine additional days it was plus 11 per cent. Therefore, this patient experienced three 
separate and complete remissions of tliju-otoxicosis. Each of the first two remissions oc- 
curred very rapidl}’- but the third one required a longer interval. 

Case 3. In Figure 7 is illustrated the response to therap}’- of a fireman, aged 35, who 
had had thju'otoxicosis for three j'-ears. After 50 mg. of propylthiouracil three times dailj’’ 
for sixtj" days, the basal metabolic rate decreased from plus 89 per cent to plus 25; after 
100 mg. three times daily for thirty days, the rate was plus 40. After an interval of eight 
months with no therapy the metabolic rate was plus 59 per cent. Then, following 50 mg. 
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Table 1 — Contimicd 


Patient 

No. 

B. M. R. 

% 

^Maximal 
total dailj'' 
dosage (mg.) 

i 

Initial 

^laximal 

response 

Days 

required 

fl30 

+61 

+23 

IS 

200 , 

fl31 

+ 14 

+ 1 

8 

90 

fl34 

+55 

+21 

7 

300 

=135 

+ 1S 

+ 9 

15 

150 

rl37 

+55 

+ 12 

43 

150 

=13S 

+ 13 

+ 9 

18 

150 


+35 

+ 18 

21 

150 

#139 

+83 

+ 10 

9 

150 


+41 

+36 

9 

300 

#140 

+70 

+22 

68 

300 

#141 

+ 60 

+38 

7 

250 

#143 

+34 

+21 

7 

150 

#145 

+69 

+21 

33 

200 

#146 

+29 

+10 

35 

200 

#147 

i +24 

1 + 9 

15 

150 


Some of the responses to therapj^ can be illustrated by consideration of 
a few individual cases. 


Case 1. In Figure 5 is presented the course of one patient as illustrated b 3 " change in 
the basal metabolic rate. The patient was a fireman, aged 38, who had manifestations of 
thj-rotoxicosis for three months. The th j-roid was diffuselj- enlarged, weighing appro.ximat- 
elj’ 30 Gm. The basal metabolic rate was plus 26 per cent. With 150 mg. of iodothiouracil 
dailj’ for twelve daj-s the metabolic rate decreased to plus 7 per cent and the manifesta- 
tions of thj-rotoxicosis disappeared. After 100 rag. dailj% diwded in two doses, for seven 
additional daj's the rate was plus 5 per cent. Then upon giving onb' 50 mg. daib' in one 
dose for two weeks, the metabolic rate increased to plus 22 per cent; after 50 mg. twice 
daih' for twelve daj's, the rate was plus 9; after 30 mg. thrice daiW for two weeks it was 
plus 6, and it was maintained within a normal range for the ne.xt four weeks. However, 
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of iodothiouracil tlirce timcs daily for ten days, the rate was plus 3 per cent. The dosage 
was reduced to 50 nig. twice daily and after seven days the rate was plus 5. Therapy was 
then discontinued for five weeks. At the end of this interval the metabolic rate was plus 
fiO. Propylthiouracil was given in doses of 100 mg. thrice daily and after nine days the 
metabolic rate was unchanged. Following this, iodothiouracil was given for five weeks, 
beginning with 30 mg. three times daily and gradually increasing the dosage to 50 mg. 
four times daily. The basal metabolic rate did not become normal again, but the patient 
experienced an almost complete remission of the thyrotoxicosis, clinicalh'. The response 
was much slower than with the first course of therapy. 



Fig. 4. Photomicrograph of thyroid (xlOO) of a patient, aged 71, -n-ith moderately 
severe thyrotoxicosis and enlargement of the thj-roid to appro.ximatel}' 35 Gm. lodo- 
thiouracil was given for fortj'-five daj's in total dailj' doses beginning iidtli 150 mg. and 
gradually increased to 250 mg. The patient became euthj^roid. A subtotal thyroidectomy 
was performed and 35 Gm. of tissue was removed. The operative and postoperative courses 
were smooth. Ver 3 * little bleeding or friabifity of the gland was observed. Histologic 
examination revealed marked involution throughout. 

Case 4. In Figure S is illustrated the course of a patient who was treated for seventj' 
daj’s with doses which were larger than those given to most of the other patients, but 
without e.xperiencing a complete remission of liis thj-rotoxicosis. He was a laborer, aged 
50, who had severe thj-roto.xicosis and pituitarigenic oculopathj-. The thj-roid was en- 
larged diffusel}’ to approximate!}' 45 Gm.; the basal metabolic rate was plus 70 per cent. 
After prolonged therapj’ with iodothiouracil, he e.xperienced a distinct clinical improve- 
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to normal in 15 to 20 days.” These investigators used as initial doses 60Q, 
mg. daily of thioiiracil and 5 minims thrice daily of Lugol’s solution. In 
certain of our cases 90 mg. of iodothiouracil daily was the maximum quan- 
tity used to produce a remission. In no instance was there good evidence 
that a daily dosage greater than 150 mg. was superior to the latter. It is 
to be emphasized that with 150 mg. of iodothiouracil only approximately 



DAYS 

Figure 8. 


75 mg. of thiouracil is being received. Within fifteen days this quantity of 
thiouracil has a neglibible effect upon a patient with definite thyrotoxicosis. 
The quantity of iodine in 150 mg. of iodothiouracil is approximately 75 
mg. which is the amount in two or three drops of a saturated solution of 
potassium iodide. Although much larger doses of iodine are usually given, 
the studies of Thompson (8) and Lerman (9) indicate that rarely is a dose 
in excess of 6 mg. necessary. 

IWiether iodide and thiouracil given in doses comparable to the re- 
spective amounts used in the iodothiouracil therapy are as effective as is 
the latter can only be determined by conducting this specific experiment. 
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mcnt, but he always remained thyrotoxic. The iodothiouraeil was administered for 
seventy days and was the only antithyroid therapy which he received preoperatively. 
He had a smooth operative and postoperative course. His pulse never rose above 100 and 
there was very little bleeding or friability. The gland weighed 43 Gm. -\s shown bj" the 
photograph in Figure 3, the tissue showed relatively good involution. 

The data that have been presented indicate that iodothiouraeil can m 
some cases produce a rapid and complete remission of thjTotoxicosis. In 
Figure 9 comparisons are made of the maximal fall in basal metabolic rate 


BMR 

(7cl 


SPTU 
H ITU 

40 eo 240 ZBO 320 

DAYS 
Figure 7. 

in response to thiouracil, iodide and iodothiouraeil. The maximal responses 
to iodothiouraeil are not as good as the ones to thiouracil but better than 
the ones to iodine. The results of hlaxwell, Gunter and Schwarz (7) using 
standard doses of thiouracil and iodide show essential^ the same distri- 
bution as iodothiom’acil when plotted in the same manner as the ones in 
Figure 9. However, this tj^re of plotting does not take into consideration 
the dosage of the compounds used or the interval required to produce the 
response. Alaxwell and associates state, “our experience is that thiouracil 
and iodine given concurrentlj'' from the commencement of treatment 
would in most cases reduce such a basal metabolic rate (plus 55 per cent) 
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produced occurred in the first seven to fifteen days of therapy, (d) the 
effects of 100 to 150 mg. daily were essentially as good as those from 200 
to 300 mg., (e) exacerbations in th 5 uotoxicosis occurred upon changing 
from iodothiouracil to propylthiouracil, even though the same dosage of 
the latter had previously been effective, (f) the operative and postoperative 
responses to therapy, as well as the histologic appearance of the thyroid, 
simulated those of iodide therapy more than those of thiouracil, and (g) 
although certain patients had normal basal metabolic rates and were free 
of thyrotoxicosis, the disease was much more readily precipitated by 
emotional disturbances in them than in individuals in whom the same 
clinical response had followed thiouracil. 

Although the results with iodothiouracil simulate qualitatively those 
obtained with iodide we have the impression, but not the proof, that it is 
somewhat more effective than iodide. "^^Hrether the thyroid concentrates 
iodothiouracil sufficiently to afford a more constant supply of iodine than 
is afforded when equivalent amounts of iodine are given as potassium io- 
dide, is not known. Barrett (10) showed that rats fed amounts of iodide 
and thiouracil equivalent to the constituents of each in iodothiouracil, 
concentrated only approximately one-half as much iodine in the thyroid as 
when the latter compound was given alone. Since in each instance a sub- 
normal amount of iodine was found, it is difficult to know whether there 
was less of a thiouracil effect or whether some of its action was counter- 
balanced by the iodine which it contributed. 

5-Iodo-6-Methyl-2-Thiouracil 

In view of the fact that methylthiouracil exerts a somewhat stronger 
antithyroid action than thiouracil, hope was entertained that the iodinated 
compound might also be more potent. However, quite the reverse was 
found in 6 patients with thyrotoxicosis {see Table 2). Three of these sub- 
jects had complete remissions with 5-iodothiouracil both befoi’e and after 
the methyl derivative was administered; a relapse was permitted to de- 
velop before each course of therapy was begun. A fourth subject (#123) 
had essentially a complete remission to 5-iodothiouracil before and after 
the course with the methyl compound. Patient #125 had a complete re- 
mission to iodothiouracil, but did not receive a second course of it. The re- 
sponse of patient #130 was essentially the same with the two compounds. 
In none of the 6 patients treated with iodomethylthiouracil was there 
better than a slight clinical response. One would think that some of the 
iodine would be liberated and that at least a common iodine response 
would be obtained. The difference in the effects of the two iodinated com- 
pounds is of great interest, but is not clear. 
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Our results indicate that the responses obtained with iodothiouracil are 
much more like’ those of iodide than of thiouracil. Among the similarities 
may be mentioned: (a) variations in response by different people, or even 
by the same individual who received several courses of therapy, (b) very 
rapid and complete response in certain indi^^ duals, (c) most of the changes 



Fig. 9. In the top graph is shown the frequenc 5 ' distribution range of basal metabolic 
rates before therapy and in the bottom one is presented the response following iodine, 
thiouracil, or iodotliiouracil. The data showing the responses to iodine and thiouracil 
were taken from Moore and collaborators (6). It is apparent that a greater proportion of 
patients had a fall in basal metabolic rate to a normal range following iodothiouracil than 
after potassium iodide. 
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viously. He found that 100 mg. showed no effect and, therefore, by this 
test its activity was less than 25 per cent of a comparable amount of thio- 
uracil. 

Thiocytosine 

Dr. Astwood also tested this compound, in the manner previousl}^ de- 
scribed, and found that its activity was less than 25 per cent of that of 
thiouracil. 

The goitrogenic effect of t.hioc3Tosine in rats was found to be similar to 
that of thiouracil (Table 3). 

One patient with severe th 3 U’otoxicosis was gi^’■en 50 mg. of thioc 3 '’tosine 
three times dail 3 '’ for twent 3 '’-one da 3 ’-s. Although the basal metabolic rate 
decreased from plus 60 to plus 41 per cent there was no definite clinical 
improvement. No additional suppl 3 '- of the compound could be obtained 
for testing other patients. 

SUMMARY AND CONCLUSIONS 

Forty courses of therap 3 ’’ with 5-iodo-2-thiouracil were administered to 
29 patients with th 3 ''rotoxicosis. The responses simulated qualitativel 3 '’ 
those following iodide therapy more than those which thiouracil produces. 
In 15 patients the maximal response occurred within ten da 3 ^s and in 21, 
within fifteen days. The individuals who had not become euth 3 U’oid within 
fifteen days did not attain this state with further continuation of such 
therap 3 L Five patients who received iodothiouracil in preparation for sub- 
total thyroidectom 3 ^ experienced a smooth operative and postoperative 
course. The thyroid gland revealed a relativeb'^ good degree of involution. 

Iodothiouracil inhibited the uptake of radioiodine b 3 '' the thyroid of rats 
slightly more than did an equimolar dose of thiouracil, but less than an 
equivalent amount of iodine given as potassium iodide. 

5-Iodo-6-methyl-2-thiouracil was used in the treatment of 6 th3a’otoxic 
patients. It was much less effective than was its nonmethylated analogue. 

(Ca)-4-n-propyl-6-oxypyrimidyl-2-mercaptoacetic acid was used in the 
treatment of 5 patients with thyrotoxicosis and thiocytosine was employed 
in 1 subject. No patient received significant benefit from either drug. Each 
compound was distinctly less active than was thiouracil in antagonizing 
the uptake of radioiodine in the thyroid b 3 '- normal subjects who had re- 
ceived tracer doses of the isotopes several hours previously. 

Thiocytosine exhibited essentially the same amount of goitrogenesis in 
rats as did thiouracil. 

None of the patients experienced a toxic reaction to any of the com- 
pounds studied. 
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Table 2 


1 

J 

{ 

Compound tested 1 

1 

1 

1 

i 

I 

1 

Patient l 
No. ; 

1 


B. M. R. 

% 

1 

j 

Total 

daily 

dosage 

(rag.) 

1 

Initial j 

Maximal 

response 

Days ! 
required j 

5-rodo-C-methyI-2-thiouracil 

f’112 

-f26 ’ 

+37 

i 

9 ! 

100 


fllo 

+26 

+32 

i 19 1 

150 


: fl23 

"{“4o 

+27 

25 ' 

ISO 

• « 

!tl25 

+37 

+ 63 

36 

150 

1 

]fl29 

+49 


15 

100 


fl30 

+40 

1 

+ 1S 

2S 

1 

j 150 

( C a) -4- n-pr opyl- 6-0 xy p y ri mi dy 1- 

i 

+32 

! +4S 

i 47 

! 200-400 

2 -mercaptoacetic acid 

i fl27 

+ 17 

1 +21 

i 28 

j 250-400 


f 135 

+27 

i +24 

1 s 

1 250 


#141 

1 "!"3/ 

+60 

i 21 

1 250-400 


#151 

+45 

+29 

1 35 1 

1 

I 300-400 

Tliiocytosine 

j #139 

+60 

+41 

1 21 

150 


(Ca) 4-ii-Propyl-6-Oxypyrimidyl-2-Mercaptoacetic Acid 

This compound was used in the treatment of 5 patients, in total 
daily doses ranging from 200 to 400 mg. Little improvement was observed 
in any patient, although one was treated continuously' for forty-seven days 
and another for thirty-five days. No toxic reactions were encountered. 

Dr. Astwood kindly tested the effect of this compound upon the con- 
centration of radioiodine in the thyroid, in the manner discussed pre- 


T.able 3 


Amount of compound 

Thyroid size 

Per cent 

Mg. consumed per 100 Gm. 

jMg. per 100 Gm. body 

solution 

body weight 

weight 

Compound 

Thiouracil 

Thiocytosine j 

Thiouracil 

Thiocytosine 

.0001 

0.3 

0.4 

7.8 

8.6 

.0005 

1.6 

1.5 

8.1 

8.2 


2.4 

3.2 

6.7 

7.7 


14.4 

13 

8.7 

8.3 

.01 

23.8 

30 

11.4 

9.5 

.1 

200 

244 

17.2 

17.9 





RETARDED ABSORPTION OP’ PELLETS OF 
PROTAMINE-ZINC INSULIN 


LUIS VARGAS, M.D. and OSCAR KOREF, M.D. 

From the Department of Pathological Physiology, Catholic University of Chile, 

Santiago, Chile 

After Parkes and Young (1939(1)), Mark and Biskind (1940(2)), 
Jl\. Cutting, Morton and Cohn (1941(3)) and Parkes (1942(4)) proved 
the inefficacy of subcutaneous implants of insulin, either pure or with 
cholesterol, this experimental path was apparently abandoned. McCullagh 
and Lewis (1942(5)) reported prolonged effects with subcutaneous im- 
plantations of tablets of insulin-cholesterol in 4 dogs and of silver tubes 
filled with crystalline insulin and open at one end, in 5 others. All dogs 
were normal. A definite decrease in the blood sugar was evident for a 
period of twenty-one days. Potent insulin was found in the removed 
tissue-encapsulated remnants of the implants. In spite of these discouraging 
results, we decided in 1943 to carry on the study of insulin implants, a 
therapeutic method which was giving excellent results witff liposoluble 
hormones in clinical medicine. Our experiments in normal (Vargas, Koref 
and Zanartu, 1944(6)) and diabetic rabbits (Vargas, Koref and Lewin, 
1948(7)) implanted with a protamine-zinc-insulin complex resulted so 
satisfactorily that one of us has been able to apply it in clinical practice 
(Vargas and Lewin, 1948(8) and Vargas, 1949(9)). 

METHODS 

All the experiments were carried out in normal rabbits and in rabbits 
made diabetic by alloxan (Dunn et at. 1943(10)) or alloxantin (Koref et al. 
1944(11)). Males and females were used indifferently, their weight varying 
between 1,000 and 2,000 Gm. Their food was fresh grass, carrots, com- 
pressed rabbit’s pellets^ and water ad libitum. We used crystallized insulin 
from the Institute Bacteriologico de Chile, and amorphous insulin from 
the Institute Sanitas in order to make the protamine-zinc-insulin in a way 
similar to the commercial methods. The tablets or pellets of insulin, Avith 
or without cholesterol, were prepared directly from the crystalline or 
amorphous powder. Those of protamine-zinc-insulin were made from the 
powder, in the following way: the PZI complex obtained at pH 7.1, as in 
the commercial method, was filtered through a hard filter paper; the pre- 

Received for publication December 18, 1948. 

1 Manufactured bj^ Williamson, Balfour & Co. and containing wheat, alfalfa, peanuts, 
NaCl and CaCOs- 
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The results with 5-iodothiouracil are sufficiently encouraging to warrant 
further testing of this compound and other similar iodinated ones in the 
preparation of thyrotoxic patients for thyroidectomy. Comparisons of 
the effects of equimolar quantities of iodide and thiouracil should also be 
made. 
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varied between 488 and 778 international units, did not cause death before 
the sixth day. However, the animals finally died in h_ypoglycemic shock. 
With all the other forms of insulin u.sed, the majority of the nondiabetic 
animals survived with no change in their normal growth. The glycemia 
curves showed a depression dui-ing fasting, which in t,he cases treated 
with PZI or PZI-cholesterol la.stcd for approximate!}'' fifty da 3 \s after the 
implantation (Fig. 1). 




Pig. 1. Values for blood stigar, after a 12-hotir fast, in. normal rabbits implanted sub- 
cutaneously with tablets of different types of insulin. 

Abscissae, time in days; ordinates, milligrams of glucose per 100 cc. of blood. The 
double horizontal lines in the 70-90 da 3 '’ area indicate that values were obtained with- 
out fasting. The implantation was made on 0 day. Arrows indicate extraction of the 
tablet;! spontaneous death;* the tablet was not found. 

It was observed that the tablets of PZI (after 5, 91 and 96 days) and 
of PZI-cholesterol (after 22 and 100 days) still contained insulin, producing 
a lowering of blood sugar when an extract of them was injected into 
normal rabbits. This effect was absent in recovered pellets of insulin- 
cholesterol. The tablets of insuhn-cholesterol have almost the same weight 
before and after the implantation, even increasing their weight in some 
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cipitate, together with the filter paper, was placed in a vacuum desiccator 
containing sulphuric acid and when diy, it was gathered from the filter 
paper and powdered in a small mortar. When the mixture with cholesterol 
(c.p. Pfanstiehl) was used, the proportion was 1:1. 

The tablets were made in a small tableting machine. Their diameter was 
6 mm. and their weight varied between 22.2 mg. and 58.6 mg. The pellets 
were made in a special apparatus which insured uniform compression ; their 
diameter was 1.5 mm., their length varied between 2 and 10 mm. and 
they weighed between 3 and 14 mg. 

The material was implanted in the subcutaneous tissue and in a few in- 
stances, in the muscle. The glycemia was determined by the Hagedorn- 
Jensen micrbmethod, usually after a period of twelve hours’ fasting. The 
tablets and pellets, when I'emoved from the animals, were freed from the 
capsule, dried and weighed. In 63 normal animals, 88 implantations were 
performed; and in 11 diabetic rabbits, 17 implantations. Table 1 shows 

T.\ble 1. Details of the Implastatioxs Performed ix 
Normal .and Di.abetic Rabbits 


Number of implantations 


Group 

i>0. OI 

' Insulin 

Insulin- 

chol. 

PZI 

PZI- 

cbol. 

Form 



Subcutaneous 



Normal 

63 1 10 

4 

10 

15 

Tablets 


j — 

— 

— 

35 

Pellets 


1 

Intramuscular 





— 

— 

3 

Tablets 




— 

— 

11 

Pellets 


1 

Subcutaneous 



Diabetic 

i “ i - 

4 

1 

7 

Pellets 


, 1 

Intramuscular 




■ 

— 

— 

5 

Pellets 


the details. Among the 63 implanted normal animals, glycemia was tested 
for in 12. In the diabetic animals, in addition to determining the amount 
of glycemia, tests were also made for glj’-cosuria (Fehling’s method) and 
acetonuria (Gerhardt’s method). The body weight was determined in 
both groups two or three times a week. 

RESULTS 

Insulin alone, implanted in tablet form into normal rabbits did not avoid 
rapid absorption, even though it was observed that the implants, which 





Table 2. Implantations Made in Alloxan-Diabetic Rabbits 
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(70-140) 
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1 

*T=Tablets.P=Pellets. . 

which the implant remained in the body. 

J determined five days after the implantation. The figures in parentheses correspond to minimum and maximum results. 

f Many pellets (a^out 50%) eliminated after the nineteenth day of the implant. 
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excessive 

insufilcient 

.H 

*S 

e 

3 

s 

insufficient 

insufficient 

insufficient 

insufficient 

excessive 

tj 

0 

0 

tc 

good 
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B 

0 

’S 
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22 

1 
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g 
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fH 

g 

00 

B 
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0 
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rases. This fart prevented calculation of the rate 
in.sulin-cholcsterol implants. ; 

If in normal rabbits there is a prolonged insul'. 
alloxan diabetes it is even more e\'ident. The, 
this series as a control lived between four and 
the diabetic animals treated with a .sufficient d(/ 

PZI-cholesterol, showed a tendency towards com|^.„^ 
was possible to observe them for over two hundred da^ 
diabetic animals the best results were obtained with implants'ox 
690 units per kilogram of bod}' weight. Only animal No. 36/7 died'lrt>^ 
h}'poglycemic shock, six days after the implantation of 510 units per kilo- 
gram of PZI-cholesterol. However, this animal was in a bad nutritional 
condition after the administration of alloxan, ha\’ing lost 290 grams in 
seven days, and the shock occurred after a fasting period of eighteen hoims. 
Of especial interest is animal No. 1/50 which, after presenting a ver}*- 
severe diabetes, received 2 implants of PZI-cholesterol (1,530 and 1,331 
units, respectively) and recovered completely from its diabetes. Biopsy 
specimens taken from the pancreas 170 days after the first implantation 
and later, SOI days after the injection of alloxan and 365 days after the 
second implant, showed an evident damage of the beta cells of the islands’ 
of Langerhans in the first histologic specimen, but signs of regeneration 
and frank cellular recuperation in the second specimen (Gomori’s stain). 
Figiu-e 2 shows the evolution of the diabetes in animal No. 1/50. Figure 3, 
as an example of insufficient treatment, shows the evolution of the disease in 
animal 1 /30, in which on the nineteenth day the implant was partially elim- 
inated due to suppuration. Animal No. 1/30 is a control for animal No. 
1/50. Both had a similar degree of diabetes, both received similar treat- 
ment with alloxan and PZI implants, at the same time. During the pre- 
implant period (thirteen days) both required about five injections of PZI 
(daily dose 10 to 16 I.U.). The high requirement of insuhn of No. 1/30 is 
again demonstrated when, on the thirty-fifth day after the implantation, 
insuhn injections were needed again. From then on, twenty-three injec- 
tions were given in increasing doses, the last being 80 I.U., without con- 
trol of the diabetic condition. 

Absorption 

The calculation of the absorption of the insuhn was based on the differ- 
ence in weight of the pellets before the implantation and after their re- 
covery. The method was similar to that used by other writers for mixtiues 
of hposoluble hormones vdth cholesterol. 

The implants were removed after a certain number of days; if one ani- 
mal received several implants at a time, these were removed at different 
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times. The difference between the initial weight and that of the pellet (or 
1 ablet) taken from the animal and dried, was expressed in per cent of the 
original weight of the pellet (percentage of reabsorption). From the data 
on the percentage of reabsorption, and on the days during which the pellet 
remained under the sldn of the animal, a graph was constructed. 



Fig. 3. Rabbit No. 1/30, with alloxanic diabetes treated insufficiently with only one 
implantation of PZI-cholesterol. The dose was divided into two parts, implanted into 
separate legs. The material was partly eliminated by abscess formation on one side. 

Abscissae, ordinates and other abbreviations are the same as in Figure 2. Asterisk 
indicates expulsion of pellet. 

The accompanying graph (Fig. 4) shows the absorption curve of the 
PZI-cholesterol implants. In relation to the percentage of absorption, the 
shape of the pellet does not seem to have any influence upon the rapidity 
of absorption of the substance. It is of interest to remember that we are 
working with a protamine-insulin complex, of which solubility in water is 
fairly low and of which the reabsorption is even more retarded by the 
reaction of the tissues (pH 7.0-7. 1). The cholesterol only facilitates the 





Fig. 2. Rabbit No. 1/50, ■with ailoxanic diabetes treated -with t'wo implants of PZI- 
cholesterol. Above: first implant. Below: second implant. During the first pre-implant 
period of fourteen days, the animal received 7 subcutaneous injections of 10 to 20 I.U. of 
PZI (Lilly) ; after the first implant, these injections ■were suspended. Note that glycemia 
decreased and glycosuria-acetonuria disappeared during the period of the first implanta- 
tion; complete normalization "was attained during the second implantation and per- 
sisted almost indefinitely. 

Abscissae, time in days;arro^w “a,” allo.van injection; arro'w “B,” biopsies of pancreas; 
arrows joined by horizontal line denote periods of implantation (the implant was removed 
at the end of the line). 
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previously the complex at the required pH. Their mixture made into 
pellets is absorbed as rapidly as insulin alone, being freely soluble in the 
tissue fluids. That is why pellets of this mixture in larger doses (261 and 
1,012 units) produced hypoglycemic shock and in smaller doses (43-88 
units) produced only a transitory lowering of the blood sugar, which 
lasted 48-100 Hours. Furthermore, they stated that pellets prepared from 
the dry powdered commercial PZI complex, as described here by us, were 
inactive. They could not explain why the complex was altered by desicca- 
tion, in spite of the fact that the redissolution of one of these pellets, pre- 
pared from the commercial product, caused a lowering of the glycemia 
when injected. This shows that actually there was no alteration of the PZI 
and that the dry powder conserved its activity. The implants produced 
no change in the glycemia because the doses used were too small. "VSTien a 
few milligrams are implanted,^ the absorption of the complex is so slow, 
(as we have already shown), that it is not enough to influence the gly- 
cemia either in the normal or in the diabetic animal. It is the same as if 
an insufficient dose of insulin was injected. In this way Mark and Biskind 
failed to ascertain the useful dose. 

Cutting et al. (3), implanted pancreatectomized dogs with pellets of in- 
sulin-cholesterol and obtained an effect upon the glycemia which lasted as 
long as thirteen days. These results agree with ours, since we have shown 
that cholesterol prolongs the absorption of pure insulin although it is not 
capable of avoiding a relatively fast absorption. ^ 

SUMMARY 

1. It has been shown experimentally in normal rabbits that protamine- 
zinc-insulin is the only type of insulin useful for subcutaneous implanta- 
tions. This protamine-zinc-insulin compound, either in tablets or in pellets, 
alone or mixed with 50 per cent cholesterol, is absorbed so slowly that its 
lowering effect on the blood sugar lasts at least as long as fifty days. 

2. Subcutaneous or intramuscular implants of protamine-zinc-insulin 
complex with 50 per cent of cholesterol in alloxan diabetic rabbits, when 
used in doses of from 430 to 690 units per kilogram of body weight, control 
the diabetes and metabolic changes for approximately one hundred days. 

3. The results with this type of implant enable us to calculate a daily 
absorption of approximately 1 per cent of the amount implanted. This 

^ The authors do not state the dose used in their experiments but it must have been 
tlie same as that used with the other material they implanted, i.e., 4.0 mg. 

- We take this opportunity to thank Drs. Jorge Lewin and Juan Villalobos for their 
help in the preparation of the PZI-cholesterol pellets and in controlling some of the im- 
plants. 
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compression and permits a better conservation of the shape of the pellet. 
Although we have not studied the curve of absorption of PZI •udthout 
cholesterol, the few points shown in the graphs indicate the same rate of 
daily absorption as for the PZI-cholesterol. This permits us to deduce that 
with this mixture the absorptions of insuhn and cholesterol are probably 
proportional. The absorption is completed about the one hundred and 
thirtieth day. In general, we can state that the implant is conserved in the 
body for at least one hunrded daj^s, its absorption being slightty more 



Pig. 4. Curve of absorption of tablets and pellets of protamine-sinc-insielin .and PZI- 
cholesterol {30 per cent) in normal rabbits. 

Abscissae, time in days in logarithmic scale; ordinates, total percentage of absorpH 
tion. The dotted curve corresponds to 1 per cent daily absorption. 

rapid in the last twenty or thirty days. This is probabty due to the dis- 
integration of the implant which gives it a greater surface of absorption. 
A daily absorption of approximately 1 per cent of the total quantit}’^ im- 
planted is a fairlj'^ accurate practical calcidation. Therefore, knowing the 
daily insuhn. requirement, it is easy to calculate the amoimt of insuhn 
which should be implanted (i.e., 20 units daily’- calls for an implant of 2,000 
units). 

DISCUSSION 

Our results are contrary to those of Mark and Biskind (2). They stated 
that peUets of protamine plus zinc-insuhn, in a proportion of 4 : 1, influenced 
the diabetes of pancreatectomized dogs for not more than 48-100 hours. 
However, their preparation of this mixture was different from ours because 
they simply mixed the protamine -with the zinc-insuhn without obtaining 



THE BEHAVIOR OF LABELED lODOCASEIN 
IN HUMAN MYXEDEMA* 
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From the Endocrinology Laboratory, Section on Clinical Physiology , and Divisions of 
Biochemistry and Medicine, Mayo Foundation and Mayo Clinic, Rochester, Minnesota 

S TUDIES of the distribution and transformation of calorigenic, iodine- 
containing substances have been handicapped by the fact that phar- 
macologic doses .of material were usually required in order to obtain a 
concentration of iodine in tissue or body fluids sufficiently high to be meas- 
ured satisfactorily by current chemical methods. The availability of radio- 
iodine (I^®^) has made it possible to reinvestigate the metabolism of ca- 
lorigenic iodine compounds in animals and man under physiologic con- 
ditions. Radioiodine can be incorporated into calorigenic materials so 
as to obtain biologically active compounds with high specific activity. 
This not only permits the use of physiologic amounts of material, but 
also permits determination of the distribution of the material and its de- 
rivatives with greater accuracy and sensitivity than was previously pos- 
sible. In addition, radioiodine and substances containing it can, to some 
extent at least, be observed in vivo by means of a Geiger counter directed 
at various parts of the body. 

The present study represents an initial effort to explore the distribution 
and transformation of calorigenic compounds labeled with radioiodine, 
lodocasein, an artificial iodoprotein, was chosen for this study because it 
was felt that its synthesis from casein and radioactive iodine might be 
accomplished with less difficulty and less radiation hazard than that of 
other materials. lodocasein has been proved to be actively calorigenic in 
animals and man (1, 2) and essentially similar in its biologic behavior to 
other iodoproteins which have previously been employed in man (3, 4). 

A myxedematous patient having little or no thyroid function consented 
to be the subject of the study. This patient was chosen in order to mini- 
mize or avoid the possible complications which might result from the turn- 

Received for publication April 8, 1949. 

* Abridgment of part of a thesis submitted by Dr. Hamilton to the Faculty of the 
Graduate School of the University of Minnesota in partial fulfillment of the requirements 
for the degree of Master of Science in Medicine, 
t Fellow in Medicine, Mayo Foundation. 
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estimate is appropriate for clinical application, and we recommend it for 
further studj’^ in human diabetics. 
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After the initial radioiodine studies during myxedema were completed, a 
daily dose of 60 mg. of nonradioactive iodocasein was administered. Four- 
teen days after the initiation of this therapy, subjective and objective 
evidence of improvement was obvious. After thirty-seven days of treat- 
ment, the signs and symptoms of myxedema were completely alleviated. 
The basal metabolic rate had risen from —29 per cent to 0, the cholesterol 
had declined to 167 mg. per 100 cc. of serum, and the weight from 77.05 Kg. 


Table 1. Chemical and Isotopic Characterization of the Materials 
Administered During the Investigation 


Date 

given 

Prepara- 

tion 

no. 

Material 

Dose, 

mg. 

Iodine 

content, 

mg. 

J131 

content, 

micro- 

curies 

9-18-47 

1 

Nal* -t- carrier 

0.1 

0.085 

100 

9-27-47 

2 

Nal* -f can-ier 

3.62 

3.0 

175 

10- 3-47 

3 

Radioactive 
iodocasein (Pm)! 

70.0 

3.5 

! 

170 

10- 9-47 
to 

11- 16-47 

1 

1 

4 

Nonradioactive 

1 

iodocasein (Pc)t 

60.0 

3.7 


11- 4-47 

5 

Nal* -f carrier 

3.62 

3.0 

155 

11-11-47 

6 

Radioactive 
iodocasein (Pn)! j 

63.0 

3.4 

230 


* Radioactive. 

t The abbreviations Pm, Pc and Pn refer to specific preparations described in detail 
elsewhere (8). 


to 70.93 Kg. (Fig. 1). At this point, the patient was judged to be in a 
euthyroid state, and the studies with inorganic radioiodide and radioiodo- 
casein were repeated. At the end of the study, which required fifty-seven 
days for completion, the patient was dismissed with instructions to take 
1| grains (0.1 Gm.) of desiccated thyroid^ daily. During a year of obser- 
vation which followed, she has remained euthyroid and in good health on 
this dose. 

^ The desiccated thyroid employed was Parke, Davis & Company strong uncoated 
thjToid, which is assayed by the manufacturer as 50 per cent stronger than U.S.P. 
tlwroid. 
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over of labeled iodide (or perhaps of other catabolic bj^-products of the 
material given) by the thyroid gland. Considering the remarkable capacity 
of the thyroid to accumulate iodine and to synthesize it into thyroid hor- 
mone, it was anticipated that the presence of the thyroid gland might 
obscure the primary metabolic events following the administration of 
exogenous thyroid-hke material which we, wished to study. Once the ex- 
trathjnoidal behavior of such materials has been evaluated, the effect of 
the intact thyroid upon them maj' well become a subject for future inves- 
tigation. 

^MATERIALS AND METHODS 

The plan of the study was to obtain several observations on the distribu- 
tion and fate of labeled iodocasein in a patient vdth mjTcedema at two 
metabolic levels: 1) while hypothyroid, before treatment, and 2) while 
euthyroid, after adequate treatment of the mjrxedema with nonradioac- 
tive iodocasein. As control data, exactly similar observations were made 
with labeled sodium iodide in amounts comparable to that of the iodine 
contained in the iodocasein. Both labeled materials were administered by 
mouth. 

1. Report of case. The patient selected was a married, white woman, 
aged 45 years, wiio had postoperative, postirradiation mjTcedema. In April, 
1947, partial tlijncidectomy with resection of the left lobe had been per- 
formed for nodular goiter without h 3 'perthyroidism. The pathologic ex- 
amination revealed a sohd adenocarcinoma, grade 2 (Broders’ method) 
with the extra-adenomatous portion of the thjToid showing marked thj’’- 
roiditis and regenerative hyperplasia. After thjnoidectomj’’, she had been 
given a course of radium therapj’’. The patient returned on September 9, 
1947, with the signs and symptoms of mjrxedema, including characteristic 
changes of voice, facies and skin as well as slowed tendon reflexes. The 
bodj’’ weight was 77.05 Kg. The basal metabohe rates were —26 and— 29 
per cent, and the concentration of cholesterol was 420 mg. per 100 cc. of 
serum. A tracer dose (for diagnostic purposes) of 100 microcuries of as 
sodium iodide with 100 micrograms of stable sodium iodide as carrier re- 
vealed a total excretion in the urine of 86.9 per cent in seventy-two hours. 
Tliis high urinary excretion is tj’pical of mjTcedema (5). 

The patient was transferred to the metabohsm unit and placed on a 
1,400 calorie repetitive diet, which contained a low but constant amount 
of iodine. The iodine content w'as not determined directly, however. The 
preparations used in this investigation and the order of their administra- 
tion are given in Table 1. Clinically the patient wras followed bj’ dailj’^ ob- 
servations of bodj’^ weight, basal pulse and blood pressure, and determina- 
tion at least twdee weeklj'^ of basal metabohe rate and serum cholesterol. 
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Fig. 2. The behavior of orally administered labeled iodide during myxedema and 
euthyroidism as indicated by measurement of urinary and fecal excretion, blood levels, 
and in vivo observations. 

period, and if only small amounts of radioactivity were present, the stools 
were pooled for analyses. The Kendall (10) open ashing method of pre- 
paring the stools was used. In place of titration, however, 0.5 cc. of the 
final mixture was counted in wet form with a beta ray (thin mica window) 
counter. Determinations of radioactivity in the feces were checked by 
measurements with a gamma ray counter. Measurements of radioactivity 
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2. Laboratory methods. A) Radioactive compounds . — The preparation of 
labeled iodide for clinical use has been pre\dously described (6). In the 
present studj^ enough Nal'-' Avas added in order for the iodine content of 
the labeled iodide doses to equal the iodine content of the dose of labeled 
iodocasein, which was approximately 3.0 mg. (Table 1). 

lodocasein and radioiodocasein were prepared by a modification of the 
method of Reineke and Turner (7). The preparations used contained be- 
tween 0 and 6 per cent of iodine bj-^ weight; 25 to 35 per cent of the iodine 



Fig. 1. The clinical course of the patient during therapy with iodocasein as indicated by 
changes in basal metabolism, body weight, and serum cholesterol. 

present was combined as thj’'rojdne. The technical procedimes involved in 
preparation of iodocasein and radioiodocasein are described in a separate 
paper, in which characteristics and analyses of the preparations used in 
this study are described in detail (8). The biologic potency of the iodocasein 
preparations as determined by bio-assay in tadpoles of Xenopus laevis 
was compared with that of desiccated thj’roid and a physiologic dailj' 
dose for the artificial hormone was estimated to be 60 mg. (9). 

B) Analyses of radioactivity . — Urine was collected and analj'zed as de- 
scribed elsewhere (6). Stools were collected separately over a five-da 3 ' 
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tion of the labeled iodide. After forty-eight hours, however, when the total 
radioactivity was very small, appeared in the precipitable fraction, 
which constituted more than half of the total serum When labeled in- 
organic radioiodide was ingested in the euthyroid state, all of the serum 
radioactivity remained in nonprecipitable form. The chemical determina- 
tion of protein-bound iodine did not reveal significant changes at various 
times after the administration of radioactive inorganic iodide either in 
the hypothyroid or in the euthyroid state. In vivo measurements were 
substantially the same in both myxedema and euthyroidism. No accumu- 

Radioactive iodocasein 



Fig. 3. The behavior of orallj’' administered labeled iodocasein during myxedema and 
euth 3 a'oidism, as indicated by measurements of urinary and fecal excretion, blood levels, 
and in vivo observations. 


lation of iodide was noted in any of the tissues, and in all cases the labeled 
iodide disappeared rapidly and uniformly from the various sites measured. 
2. Behavior of labeled iodocasein. — Organic (radioiodocasein) be- 

haved quite differently from inorganic radioiodide, as comparison of 
Figure 3 with Figure 2 indicates. The excreted in the urine during 
m 3 ’xedema totaled 41.9 per cent of the radioactivity of the labeled dose in 
seventj^-two hours, 43.6 per cent in 144 hours and 44.2 per cent in 216 
hours. Within fortj’’ hours, 59.4 per cent of the dose had appeared in the 
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in blood were made according to the procedures used by AIcConahey and 
his associates (11). Total serum serum precipitable (protein-bound) 
and nonprecipitable (largely inorganic iodide) were estimated on 
serial samples after the ingestion of each tracer dose. 

In vivo measurements of radioacti\dty^ were made seriallj" over the 
thigh, neck, liver and epigastrium. The method for these procedures is 
described in detail elsewhere (12, 13). 

C) Chemical analyses . — Chemical determinations of the plasma protein- 
bound iodine were kindly performed for us by Dr. Douglas Riggs, Boston, 
Massachusetts, to whom we are greatly indebted. 

RESULTS 

1. Control date (the behavior of labeled inorganic iodide). — Figure 2 shows 
the distribution of radioiodine in the urine, feces, serum and various parts 
of the body, after the oral administration of a dose of radioactive inorganic 
iodide, before treatment when the patient was hj^Dothyroid and after 
treatment when she was euthyroid. The results of the chemical determina- 
tions of the protein-bound iodine at various intervals after administration 
of the radioactive inorganic iodide are listed in Table 2. 


T.\ble 2. Protein-bound Iodine .\.t V.\kious Interv.\ls Following 
Administration of R.adio.activb Inorg.anic Iodide 


Hours 

t ! 

H 3 'pothyroid EutbjToid 

I Alicrograms per 100 cc. of plasma 


0 

1 l.S 9.8 

6 

2.3 

12 

j 2.0 12.0 


'^Tien the patient was hj^iothyroid, 91.1 per cent of the inorganic radio- 
iodide administered was excreted in the urine in seventy-two hours and 
93.9 per cent in 142 hours. Over a period of five days, a total of 2 per cent 
of the dose appeared in the feces. Essentially the same distribution of 
m urine and feces was noted when the patient was euthyroid. The curves 
of total serum radioactiA-ity were essentially similar at both metabohe 
levels, with the exception that radioiodine disappeared somewhat more 
rapidly from the serum during the euthjToid state. Fractionation of the 
serum disclosed that in the hj^iothyroid state substantially all of the serum 
was in the form of iodide until forty-eight hours after the administra- 
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fore or after control of the myxedema. However, the measurements over 
the abdomen, and particularly over the liver, were greatly increased 
within the first few hours, but decreased rapidly within twenty-four hours. 

COMMENT 

This study was planned so that the behavior of organically bound 
iodine could be compared with the behavior of the same amount of inor- 
ganic iodide at two levels of metabolism. These comparisons were made 
because of the possibility that the distribution and fate, not only of or- 
ganically bound iodine, but also of inorganic iodide, might be different in 
hypothyroidism than in euthyroidism. In order to evaluate this factor so 
far as iodocasein was concerned it became necessary to study the distribu- 
tion of iodocasein after the patient had been brought to equilibrium at a 
euthyroid level with nonradioactive iodocasein. 

This program of study led to one finding with respect to inorganic iodide 
which for the moment remains unexplained. Approximately the same small 
proportion of the dose (4 per cent) remained unaccounted for in urine and 
feces in both hypothyroid and euthyroid studies with inorganic radioiodide. 
This small quantity undoubtedly reflects analytic errors, but nonetheless 
it probably reflects also a residue which is presumably distributed diffusely 
in other tissues of the body, as reported elsewhere (6) . The thesis that it is 
not concentrated significantly receives some support from our failure to 
demonstrate localization by in vivo observations. Nevertheless, during 
myxedema a small quantity of in the serum (0.04 per cent of the dose 
per liter) was found in precipitable form. No such precipitable fraction 
appeared in serum following administration of inorganic iodide when the 
patient was euthyroid. This finding could be interpreted as representing a 
minute and delayed synthesis of radioiodide into organic radioiodine com- 
pounds by tissues other than the thyroid (the so-called extra-thyroidal 
synthesis of thyroid hormone) which may be operative in myxedema and 
suppi'essed in the euthyroid state. The finding could also be attributed to 
synthesis of organic radioiodine in minute amounts by some residual thy- 
roid tissue too small in amount to be detected by our in vivo methods, 
or it might represent an analytic artefact. 

In other respects, the behavior of inorganic radioiodide at the two met- 
abolic levels was consistent with the known effects of thyroid hormone on 
hemodynamics. Iodide disappeared more rapidly from the blood at a euthy- 
roid level than at a m 3 rxedematous level (largely owing to a faster renal 
excretion rate), as indicated by more rapid appearance of radioiodine in 
urine, more rapid disappearance from blood and more rapid disappearance 
from peripheral tissues measured in vivo. 

The metabolism of organic iodine, as contained in radioiodocasein, is 
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feces. During the euthyroid state, excretion of in the imne amounted 
to 24.1 per cent in forty-eight hours, 25.7 per cent in seventy-two hours and 
26.6 per cent in 144 hours. Over a 110-hour period, 51.7 per cent was ex- 
creted in the feces. In both experiments, most of the fecal radioactmtj- 
was found in a single stool excreted twenty-eight to thirty-two hours after 
administration of the radioactive iodocasein. 

The maximal concentration of radioactivity observed in serum was very- 
much less (about a third) after administration of radioiodocasein than after 
admhiistration of inorganic radioiodide. At both metabolic levels, peaks of 
radioactmty in serum were reached in one hour, after which there was a 
progressive dechne. In the hjTDothyroid state detectable amoimts of radio- 


Table 3. Proteix-bouxd Iodine at Various Intervals Following 
Administration of Radioactive Iodocasein 


I 

1 

Hours i 

. 

Hypothyroid 

[ 

1 

Euthyroid 

Micrograms per 100 

1 

cc. of plasma 

0 

1 .0 

12.4 

6 

i 4.6 i 

1 20.6 

12 

; 3.8 

j 12.9 


iodine were present 144 hours after administration of the dose of iodocasein, 
but in the euthj’Toid state, very- httle was found after fortj^-eight hours. 
In the mjTvedematous state, one hour after administration of radioiodo- 
casein, the radioiodine in the blood was found equally in the precipitable 
and nonprecipitable fractions. At forty-eight hours, 92 per cent was pro- 
tein bound and at 144 hours all of the radioiodine in the blood appeared 
in protein-bound form. In the euthjnoid state, however, 30.5 per cent of 
the radioiodine was protein bound in one hour, 57.3 per cent in two hours, 
17.7 per cent in twelve hours and none in twenty-four hours. 

Significant difi’erences were noted bj'^ chemical determinations of the 
protein-bound iodine (Table 3) at varjung intervals after ingestion of the 
labeled material. When the patient was mj-xedematous, administration of 
radioactive iodocasein resulted in values two to three times as great as the 
initial level of 1.5 micrograms per 100 cc. At the euthjnoid level, similar 
studies disclosed almost a doubling of the protein-bound iodine six hours 
after ingestion of the dose, from an initial level of 12.4 micrograms per 
100 cc. 

After the administration of iodocasein, in atvo measurements did not 
reveal significant uptake of radioactmty in the thjnoid area, either be- 
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the quantity recovered in the urine; 43.6 per cent in 144 hours in the first 
instance compared with 26.6 per cent in the same period in the second in- 
stance. The difference between these figures in effect constitutes 'Tost 
iodine,” since no clue can be found from other observations which sug- 
gests what became of it. We were unable to find any technical error which 
would explain the difference and at the moment we have no explanation for 
it. Similar studies of other subjects may be necessary to determine whether 
this observation has significance. 

A further observation of interest has to do with the correlation of protein- 
bound iodine and the clinical status of this patient. After therapy with 
iodocasein, in amounts considered equivalent to a maintenance dose of 
desiccated thyroid as determined bj'^ bio-assay in tadpoles, the protein- 
bound iodine was 12 micrograms per 100 cc. of plasma, a “hyperthyroid” 
level by most standards, despite the fact that the patient was clinically 
euthyroid. After four months of therapy with natural thyroprotein (0.1 
Gm. of strong desiccated thyroid daily) the patient remained euthyroid 
clinically, and the protein-bound iodine had fallen to 4.0 micrograms 
per 100 cc, of plasma, a “euthyroid” level. 

No exact explanation for this behavior can be given, inasmuch as one 
human assay does not permit deductions concerning the relative calorigenic 
potency of iodocasein versus desiccated thyroid. The following possibilities 
could be considered. Since the amount of organic iodine and of thyroxine 
iodine was three or more times greater in the dose of iodocasein than in 
that of desiccated thyroid, the equal metabolic effect could be due to poorer 
utilization of iodocasein than of desiccated thyroid. It will be recalled that 
more than half of the radioiodine of radioiodocasein was eliminated m the 
feces. Assuming that this represented half of the thyroxine radioiodine 
also, and (as seems likely) that the thyroxine content of iodocasein alone 
determines its calorigenic action, then the isocalorigenic effect could be 
partly explained on the grounds of inefficient absorption. To account now 
for the disparity in protein-bound iodine is not difficult, since iodocasein 
contains organic iodine in three or more times greater amounts in the form 
of nonthyroxine compounds than does desiccated thyroid. In the latter, the 
nonthyroxine iodine is essentially all in the form of diiodotyrosine, a sub- 
stance that may be rapidly metabolized. In iodocasein, however, in addi- 
tion to diiodotyrosine, there may exist other iodinated amino acids. The 
behavior of these could be quite similar to the behavior of such organic 
iodine compounds as gallbladder dyes (priodax) which, as is well known, 
are without calorigenic effect but are capable of elevating the level of pro- 
tein-bound iodine for long periods. 
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however, much more complex than that of iodide. One must consider (14, 
15) that soon after ingestion, some of the material might theoretically be 
absorbed intact; part might be broken up by digestive enzj’^mes, jdelding 
smaller fragments such as thyroxine and diiodotyrosine, as well as other 
amino acids and various peptide aggregates containing iodine, which would 
be more readily absorbed: lastly, depending on the completeness of diges- 
tion, some inorganic iodide might be liberated and absorbed. In addition 
to such complexities, the role of the liver must be considered, .since it has 
been demonstrated that iodinated compounds may be secreted in the bile 
and also that liberation of inorganic iodide from such compounds may 
occur after passage through the liver. Such material as is excreted in this 
manner may be wholly or partl}-^ reabsorbed. Finally, some of the iodocasein 
or its fragments maj^ be excreted from the digestive tract, either as unab- 
sorbed material or as material that has been secreted into the bowel. The 
over-all picture may thus be a complicated one, consisting of digestion, 
absorption, intermediary’- metabolism, secretion and reabsorption. 

The fractionation of the serum radioiodine into precipitable and non- 
precipitable fractions at various times after ingestion affords a general 
■\-iew of the sum of all such processes, but ob%aously cannot deUneate any’- 
one of them. Any radioiodocasein absorbed intact as well as absorbed frag- 
ments of iodocasein, including diiodotyrosine and thyToxine, would in all 
probability- appear in the precipitable or protein-bound fraction of serum, 
whereas liberated iodme in the form of inorganic iodide would appear in the 
nonprecipitable fraction. The analy'^sis indicated in Figure 2 shows that 
iodocasein has been split rapidly’-, since within one hour an appreciable 
proportion of the serum radioiodine is in the form of inorganic iodide, and 
the remainder in organic form. This is also borne out by- the chemical 
analy’-sis for protein-bound iodine (Table 2). That the hver may- contribute 
to this breakdown is suggested by- the high concentration of radioactivity^ 
over this organ during the first twenty^-four hours. The slow disappearance 
of inorganic radioiodide from serum over the course of three day's would 
indicate a persistent release of iodide from iodocasein or its fragments, as 
the further fate of this inorganic radioiodide should follow the course out- 
lined pre-\dously- by- the control study. 

The fecal excretion of radioiodine after administration of the labeled 
doses of iodocasein amounted to more than half of the ingested material. 
Analy-sis of the radioiodine in feces showed that more than 90 per cent was 
in protein-bound form. Again it is not possible to determine the exact 
natm-e and origin of these compounds, but it would appear reasonable to 
regard this excretion as the sum of the processes mentioned pre^'iously'. 

The most notable difference between the beha\'ior of radioiodocasein in 
the hy’pothyToid state and its beha-rior in the euthyToid state appeared in 
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SUMMARY AND CONCLUSIONS 

1. lodocasein has been shown to correct the signs and S3'mptonis of 
human mj^edema. Although our observations do not permit an accurate 
appraisal of the relative potenej' of lodocasein as compared with natural 
thjToprotein, a consider ablj"- higher level of protein-bound iodine in blood 
was associated with maintenance of euthjToidism b}^ iodocasein than bj^ 
desiccated thjuoid. 

2. Comparative studies with labeled inorganic iodide (Nal^^^) during 
mjTcedema and euthjToidism indicate that no demonstrable localization 
occurs in the athiuotic subject, nearly- all of the iodide being accounted for 
in urine or feces. Furthermore, no transformation of iodide was observed, 
except possiblj' in the mjTcedematous state, in which small amounts of 
radioactmtj'’ were found in the protein-bound fraction of serum. 

3. Comparative studies with labeled organic iodine (radioactive iodo- 
casein) during m 3 ’’xedema and euth^uoidism disclosed concentration of 
radioactivitj’- over the gastro-intestinal tract and hver, high fecal and low 
urinarj’- excretion. As indicated bj’- blood levels of radioactiidtj' and bj" 
fractionation studies, iodocasein was rapidlj’^ absorbed. Rapid and continu- 
ous degradation of the material was indicated hy the earlj' appearance and 
persistence of a significant labeled inorganic iodide fraction in serum. 

4. Both iodide and iodocasein were disposed of more rapidlj' while the 
subject was in a euth 3 'Toid state than in a h 3 T)oth 3 Toid state. 
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dried at 37-40° C. The final dry weights varied froml.8 to 2.9 mg. (average 
2.4 mg.). The net counts per minute (Table 1) varied from 8,150 to 8,740; 
the mean was 8,420. The standard deviation was 207. 

Table 1. Duplicability of counts/minute obtained in 
10 IDENTICALLY PREPARED SAMPLES 


Cup No. 

Cup weight 
(Cm.) 

Wt. of cup and 
dry residue 
(Cm.) 

Wt. of dry 
residue 
(mg.) 

Corrected 

cts.'/min.* 

X103 

1 

1.1237 

1.1255 

1.8 

8.74 

2 

1.1481 

1.1501 

2.0 

8.62 

3 

1.1440 

1.1464 

2.4 

8.15 

4 

1.1089 

1.1113 

2.4 

8.52 

5 i 

1.1238 

1.1262 

2.4 

8.30 

6 

1.0896 

1 .0921 

2.5 

8.52 

7 

1.1292 

1.1317 

2.5 

8.50 , 

S 

1.1292 

1.1317 

2.5 

8.20 

9 

1.1323 

1.1349 

2.6 

8.15 

10 

1 . 1420 

1.1449 

2.9 

8.50 


* Corrected counts per minute = counts per minute less background counts per min- 
ute. In this experiment background = 18 counts per minute. 


Effect of pH 

Three 10.0 cc. aliquots of an solution were diluted to 1,000 cc. with 
distilled water and adjusted to pH 6.0, 7.0 and 8.6 respectively. Cups were 
prepared by the above described technique. Samples at pH 6.0 showed ap- 
proximately 35 per cent less counts than samples at pH 8.6 (Table 2). 


Table 2. Effect of pH of urine on measured activity 


Sample 

pH 

Corrected 
counts per 
minute X 10^ 

Average 

Per cent 
alkaline 
samples 

1 

1 

8.6 

5.65 

5.58 

100 

2 

8.6 

5.63 



3 

8.6 

5.45 



4 

7.0 

5.26 

5.09 

91 

5 

7.0 

5.05 



6 

7.0 

4.92 



7 

6.0 

3.62 



S 

1 

6.0 

3.58 

3.60 

64.5 
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A. STONE FREEDBERG, M.D., ROBERT BUKA, M.D. and 
M. J. AIcMANUS, B.S. 

From the Medical Research Laboratories, Beth Israel Hospital; and the Department of 
Medicine, Harvard Medical School, Boston, Massachusetts 

In our investigation of to induce mj^xedema in euthyroid patients 
with angina pectoris and congestive failure (1) and in many studies of the 
effect of in thyrotoxicosis and thyroid cancer, the retention of this agent 
in the thyroid has been estimated indirectly^ by measuring the urinary^ 
excretion (2-6) over a period of three days. The fraction retained in the 
body' is assumed to reside mainly^ in the thyroid gland. In evaluating the 
accuracy of measurement of I’*^ in the urine, we observ'ed a considerable 
decrease in counts per minute when equal amounts of I^®* were added to 
urine as compared to distilled water. The purpose of this report is to evalu- 
ate this source of error and to describe the comparative advantages of two 
methods for measurement of I'®^ acthdty’ in urine. 

METHODS 

A. Measurement of Urinary by Counting Beta Rays 

A 1.0 cc. aliquot of urine containing is pipetted into cleansed, weighed 
aluminum cups 3.1 cm. in diameter and 0.4 cm. high. Approximately^ 0.1 
mg. Nal (1 drop 0.2 per cent Nal) and 2-3 mg. gelatin (1 drop 10 per cent 
gelatin) are added. Samples are evaporated to dryness at 37-40° C., and 
the time required for 4,096 counts determined, using an end-window Geiger- 
Mueller tube (mica window thickness of 3.2 mg./ cm.-) in constant positional 
relationship to the cup. Counts per minute are calculated, and net counts 
per minute obtained by subtracting background counts. A standard is 
counted between every’- fourth sample to check the constancy of the 
Geiger-MueUer tube and scaling circuit as weU as to afford the basis for 
calculating the amount of I*®^ in the sample. 

Duplicability 

One cc. of water containing was pipetted into each of 10 cups; ap- 
proximately’^ 0.1 mg. Nal and 2-3 mg. gelatin were added, and the samples 

Received for publication April 5, 1949. 

* This Tvork -n-as carried out under a contract between the Office of Naval Research, 
Atomic Energy Commission and the President and Fellows of Harvard College. 
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Effect of urinary solids 

The effect of urinary solids on the measurement of beta radiation of 
is shown in Figure 2. Cups were prepared, identical in respect to final vol- 
ume, amount of pH, Nal-carrier and gelatin; they differed in that the 
solid content was varied from 4 to 75 mg. The variation in urinary solids 
was obtained by concentration and dilution of urine before the addition of 
radioactive iodine. One cc. of each mixture was pipetted into weighed 
cups, dried and counted as described above. The absorption approximates 
12 per cent in a urine of average concentration. 



0 10 20 30 40 50 60 70 80 


WEIGHT OF SOLIDS - MGMS. 

Fig. 2. Decrease in observed radiation due to mass absorption from 
urinary solids (see text for description). 

To illustrate the use of Figure 2 in correcting counts for absorption by 
urinary solids, a characteristic experiment is shown in Table 3. The amount 
of in the samples 630 A and 630B was identical (Table 3). The dry 
weight of sample 630A was .0087 Gm. and of sample 630B, .0618 Gm. The 
average deviation at counting rates from 14,000 to 3,000 before correction 
was 10.5 per cent; and after correction for solid content, 1.9 per cent. 

The effects of other chemical substances on the measurement of beta radiation 

The effect of NaCl, urea, and gelatin on the measurement of beta radi- 
ation is illustrated in Figure 3. The increased loss of activity observed with 
these substances has not been explained; the appearance of the dried sur- 
face varied with each substance, and, in general, the surfaces in these ex- 
periments were rough and uneven. In contrast, the samples obtained with 
urine were smooth. It may be noted that correction for absorption as ob- 
tained with these substances would result in considerable error when 
applied to the experiments recorded in Table 3. 

Description of the beta counting procedure for urine 

Standards are prepared by diluting an aliquot of I^^^ in distilled water; 
the pH is adjusted to 8.0. One cc. is pipetted into each of three weighed 
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Studies at more alkaline pH were not desirable because of digestion of tbe 
aluminum cup. 

Coincidence error 

In counting high acti\'ity samples, considerable error is introduced due 
to coincidence loss. This is illustrated in the curve established bj" plotting 
the daily counts against the calculated cur\'e of decay (Fig. 1). It is our 


toapoo — — — T" 

tOfXO - 

60POO - - • . - - . 


4apoo • ‘ - t 



DAYS 


Fig. 1. The loss in observed radiation due to coincidence counts. 

P” standards, in triplicate, were prepared as described under beta counting pro- 
cedure for urine. The dots are the observed values. The calculated counts/minute are 
represented by the line. On days 1-3, with activities greater than 20,000 counts/minute, 
the observed radiation is 11 per cent less than the calculated counting rate. 

practice to recount, at a later date, samples which are more active than 
15,000 cts./min. As pointed out in the section on gamma coimting, a cor- 
rection factor for loss due to coincidence counts maj^ be estabhshed for the 
Geiger- Alueller tube bj’’ the usual technique of coimting two sources indi- 
tddually, then together and computing the per cent decrease in obser\*ed 
counts. 
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cups. Approximately 0.1 mg. Nal (1 drop 0.2 per cent Nal solution) and 
2-3 mg. gelatin (1 drop 10 per cent gelatin) are added to each cup. The 
samples are evaporated to dryness; the dried samples weighed, and determi- 
nations of the radiation made as described above. The same procedure is 
carried out in triplicate on 1.0 cc. samples of the patient’s urine, adjusted 
to pH 8.0. Under these conditions the triplicate samples agree within 3 



Fig. 4. The Geiger-Mueller tube, covered by a stainless steel shell, and the Marinelh 
beaker for measurement of urinary by counting gamma rays. 

per cent. The counts are corrected for background and for internal absorp- 
tion by use of the curve shown in Figure 2. The per cent excretion 

cc. urine volume X corrected counts/min./cc. 
urine X dilution Xf actor for internal absorption X 100 


dose in cc. Xcorrected counts/min./cc. 
standard X dilution X factor for internal absorption 

Under the conditions of our technique, with sufficiently active samples, 
the dilution of samples to contain less than 10 mg. total solids obviates the 
necessity for the use of a correction factor for internal absorption. 

B. Measurement of Urinary by Counting Gamma Rays 

The above described method is accurate but laborious. Furthermore be- 
cause of the necessity for slow drying, results cannot be obtained before 
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Table 3. The effect of urinary solids on observed radiation 
(see text for description) 


Date of 
count 

Counts uncorrccted for absorption 

Counts corrected for absorption 

Sample 

630A 

counts /min. 

Sample 

630B 

counts/min. 

Per cent 
diff. 

Sample 

630A 

counts/min. 

Sample 

630B 

counts/min. 

Per cent 
dift. 

1-14 



11.3 

14170 

14050 

.8 

1-15 



S.O 

12710 

13080 

2.8 

1-16 



7.4 

11830 

12240 

3.3 

1-17 


9770 

10.9 


11030 

.0 



7730 

9.5 

8590 

8730 

1 .7 

1-21 


7020 

10. S 

7940 


.0 

1-22 


6370 

11.6 

7270 


1.0 

1-23 


5950 

8.6 

6580 

6720 

2 .2 

1-24 


5260 

12.0 



1.8 

1-26 

I 

4480 

12.7 



2.4 

1-27 


4030 

14.2 

4750 


4.3 

1-28 


3780 

13.7 

4430 


3.5 

1-29 


3480 

S.9 

3850 


1.9 



3270 

9.8 

3670 

3691 

.6 

1-31 

i 3250 

2990 

7,9 

3290 


2.4 


in 
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Fig. 3. The effect of sodium chloride, urea and gelatin on the measurement of 
beta radiation from 1“' (see text for description). 
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Fig. 5. The effect of volume on observed gamma radiation (see test for description). 



Fig. 6. The effect of adding 10 cc. increments of an standard on observed 
radiation (see text for description). 
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twenty-four hours. After consultation with Mr. L. D. Marinelli and Aliss 
Ruth Hill of the IMemorial Hospital, New York, we set up the gamma 
counting technique employed by them (7). The Sylvania tube, GG 305, 
covered by a stainless steel shell and the Marinelli beaker are pictured in 
Figure 4.^ Shielding is accomplished by a lead housing. 


DiipUcahUity 

Fifty' cc. aliquots of an standard were pipetted into each of ten Mari- 
nelli beakers. The net counts per minute varied from 1,910 to 2,020, the 
mean being 1,950 (Table 4). The maximum variation between samples 
was 5 per cent. 


Table 4, Gamma counts per mNCTE obtained in 10 

IDENTICALLY PREPARED SAMPLES 


I 

Beaker No. 

I 

Counts/nun. 

Background 

Corrected 

counts/min. 

1 1 

1990 

70 

1920 

2 

2040 

70 

1970 

3 

1990 

70 

1920 

4 

2040 

70 

1970 

5 

1980 

70 

1910 

6 

2000 

70 

1930 

7 1 

2090 

70 

2020 

s 1 

2010 

70 

1940 

9 ! 

2050 

70 

1980 

10 i 

2010 

70 

1940 


Effect of volume on observed radiation 

Figure 5 shows the variation obtained when net counts/min. are 
plotted against the total volume in cc. Two cc. of an standard was 
pipetted into a MarineUi type beaker. Eight cc. of water was added and 
4,096 counts made. The volume was increased by increments of 10 cc. of 
water and 4,096 counts determined at each volume change. With final 
volumes of 20 to 100 cc., there was a maximum variation of 4 per cent in 
counts per minute. 

The effect of adding 10.0 cc. increments of an P^* standard is illustrated 
in Figure 6. There was a loss in observed radiation in volumes under 
30 cc. and above 80 cc. For 10 cc. the loss, when compared with 50 cc., was 
7.5 per cent. For 100 cc., when compared with 50 cc., the loss was 12 per 
cent. 


* Made by Tracerlab, Inc. Boston, Alass. TVe wish to thank Dr. F. Henriques for his 
cooperation and help. 
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COMMENT 

The data presented in Table 7 and its statistical evaluation show that 
the gamma and beta procedures give comparable results. These methods 
have been in use in our laboratory for the last year and a half, .(1, 11, 12) 
and some indications of the advantages and limitations of each method for 
measuring in urine have been gained. 

Table 7. Comparison of beta and gamma methods for determination 

OF URINARY EXCRETION OF 


Case 

Beta method 

Per cent 

' 

Gamma method 
Per cent 

Per cent 
difference 

1 

.41 

.41 

0 

2 

.42 

.41 

2.4 

3 

.48 

.50 

3.8 

4 

.71 

.72 

.2 

5 

.76 

.81 

6.2 

6 

1.3 

1.23 

5.3 

7 

4.1 

3.4 

17.1 

8 

4.9 

5.7 

14.1 

9 

8.7 

9.1 

4.3 

10 

9.7 

9.1 

6.1 

11 

10.3 

10.8 

4.5 

12 

11.6 

11.1 

4.2 

13 

12.6 

13.1 

3.7 

14 

15.5 

15.3 

1.2 

15 

21-.9 

21.2 

3.2 

16 

22.9 

23.7 

3.4 

17 

33.0 

34.8 

5.1 

18 

64.6 

64.8 

.3 


The beta method is more sensitive, giving counts per microcurie ap- 
proximately 250 times those obtained by the gamma method. In man, 
following the oral administration of 150 nc., the amount of in various 
tissues and blood is minute, approximating 0.005-0.002 juc. per cc. of total 
serum (13). The gamma technique we have described cannot measure ac- 
curately less than 0.25 aic. Thus, when amounts of radiation are small or 
must be determined in blood (13) or tissue (12), the beta method is the 
method of choice. 

In determination of urinary excretion when larger amounts of I^^^ are 
present, the gamma counting method is simple and results can be obtained 
promptly. Mass absorption and pH within the range usually observed in 
urines do not have to be considered. The use of the beta method for urines 
with activities larger than 1 microcurie per twenty-four hour excretion is 
cumbersome. The pH must be adjusted to the alkaline side, and mass 
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These experiments indicate the desirability for comparing equal volumes 
of the unknown and standard. 

Coincidence error 

The recovery time of the gamma tube was calculated according to the 
equation 

2(N1+N2-N12) 

(8) (9) : RT = 

(N1+N2) (N12) 

Nl and IS{2 equal net counting rates per second of similar sources counted 
indmdually; N12 equals these two sources counted simultaneousl 3 ^ N1 
was counted first, then N2 was placed and the counts from N12 deter- 
mined. N1 was removed and N2 counted. In this tube, the recoverj’’ time 
was 840-1,300 microseconds (Table 5). The correction factor for loss due 
to coincidence or per cent loss at varjdng counting rates is shown in Table 6. 


T.\ble 5. Resolwxg time of Gambia tube 


Expt. 

Source N1 
(counts per 
minute) 

Source N2 
(counts per 
minute) 

Source N12 
(counts per 
minute) 

Resohing time, 
micro seconds 

■ 1 

3820 

3870 


1 840 

2 

4110 

1 3950 

1 7410 



Table 6. Coincidence error 


1 

Expt. j 

1 

Obsen-ed counting 
rate/min. 

Calculated counting j 
rate/min. 

i 

Factor 

1 

3610 

3650 

1.01 

2 

4980 

4970 

1.00 

3 

7410 

8060 

1.09 

4 

9910 

! 11070 

1.11 

5 

13600 

15000 

1.11 

6 

15500 1 

1 17600 

1.14 


C. Comparison of Beta and Gamma Method to Determine Urinary excre- 
tion of P®* 

In 18 subjects, the urinarj' excretion after an oral dose of I*^^ was de- 
termined bj"^ both the beta and gamma counting procedures described 
above. The per cent excretion in twenty-four hours varied from 0.41 to 
64.6 (Table 7). The average difference between the two methods was 
4.72 per cent with a range of 0 to 17.1 per cent; the median value was 3.8 
per cent. The standard de\’iation was 4.37. The standard error was 0.73 
and P (10), 0.78. 








URINARY PREGNANEDIOL DETERMINATION 
AS A TEST OF PREGNANCY* 

E. M. SEMMONS, MA. and E. W. McHENRY, Ph.D., F.R.S.(C). 

From the Connaught Medical Research. Laboratories, University of Toronto, 

Toronto, Canada 

I N 1936 Venning and Browne (1) described the isolation of a water- 
soluble pregnanediol complex from human pregnancy urine. In 1937 
V enning, Henry and Browne (2) described the measurement of this complex 
and the same year Venning (3) published a gravimetric method for determi- 
nation of sodium pregnanediol glucuronidate in urine, and presented evi- 
dence of its metabolism from progesterone. Venning and Browne (4) and 
Venning, Henry and Browne (5), using this procedure, reported the pres- 
ence of significant amounts of the complex in urine from women in the 
luteal phase of the menstrual cycle. Subsequently, these workers and many 
others using the same procedure, investigated the urinary excretion of 
sodium pregnanediol glucuronidate in pregnant and nonpregnant women 
(6-18). Urinary sodium pregnanediol glucuronidate levels were reported to 
be of value in the diagnosis of pregnancy, of threatened abortion, and de- 
termination of the date of ovulation, all states reflecting a change in luteal 
activity. Since Venning’s method has been reported inaccurate for small 
amounts of sodium pregnanediol glucuronidate (19), its application to 

subjects during the menstrual cycle is of doubtful value; moreover, the 

* 

estimation then requires the collection of a 24-hour and preferably a 48- 
hour specimen of urine, with increasing opportunity for hydrolysis of the 
water-soluble complex. 

In 1944 Guterman (20) published a qualitative colorimetric method for 
determination of free pregnanediol, based on the methods of Astwood and 
Jones (21) and of Talbot et al. (22). The procedure was extended and modi- 
fied in subsequent papers by the same author (23, 24, 25), and developed 
on a quantitative basis, applicable as a diagnostic aid for pregnancy and 
threatened abortion. 

The Guterman procedure has been widely investigated and both the 
analytical technique and the diagnostic value have been criticized. McCor- 
mack (26), using a slightly modified technique and applying the results 
qualitatively to a group of 304 patients, found the accuracy of diagnosis 
b}" the Guterman test comparable to that of the Friedman modification of 
the Aschheim-Zondek test. Morrow and Buena (27), following the Guter- 

Received for publication April S, 1949. 

* This investigation was made possible by a grant from the National Research Coun- 
cil of Canada, for which thanks are expressed. 
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absorption may be a considerable factor. It is important to emphasize that 
in the dried sample the possibility of loss from handling exists. We, there- 
fore, prepared all samples for the beta procedure in triplicate. The necessity 
of weighing cups, as well as the other factors mentioned above, mihtate 
against the usefulness of the beta procedure for the routine determination 
of urinary excretion. 


SUMMARY 

1. Two procedures used for determination of urine radiation are 
described. The importance of mass absorption as a possible source of error 
and its correction is pointed out in the measurement of acthity by 
counting beta rays. 

2. A study of the urinary excretion of by the described beta and 
gamma counting procedures yielded agreement within five per cent. 

3. The advantages and limitations of the two procedures are briefly 
discussed and the indications for the use of each are given, 
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A. Hydrolysis and extraction. In accordance with the suggestion of Sommerville et al. 
(30), 10 ml. of concentrated hydrochloric acid was added to the urine/toluene mixture 
at the point of boiling, to prevent unnecessary exposure of the pregnanediol to strong 
acid. To provide more thorough separation of pregnanediol three toluene extractions 
were carried out in place of only one. 

B. Precipitation of impurities. In the Guterman procedure toluene/water emulsions 
caused some difficulty but could be avoided by prolonging the time required for 
separation and by drying any residual emulsion with anhydrous sodium sulphate, 
which was then removed by filtration. The sodium sulphate residue was washed 

■ twice, on the filter paper, with small amounts of toluene. 

C. Precipitation of pregnanediol. Whereas Guterman allowed the acetone/sodium h}-^- 
droxide solution containing pregnanediol to stand for one hour at b'" C, it was found 
advantageous to lengthen the time to sixteen hours at a temperature of 10° C. 

D. Isolation of pregnanediol. The precipitated pregnanediol, on the fritted glass filter, 
was Avashed with 10 ml. of petroleum ether to remove 17-ketosteroids, as suggested 
by Davis and Fugo (33). 

E. Development and measurement of color. The pregnanediol, finally separated, was di- 
sohmd in 5 ml. of pure ethanol. Convenient-sized aliquots (0. 2-1.0 ml.) of the solution 
were pipetted into 25 ml. test tubes, the ethanol evaporated in boiling water, the 
tubes alloAved to cool, and 10 ml. of concentrated sulphuric acid buretted into each. 
In contrast with the experience of Sommerville et al. (30), it Avas found desirable to 
alloAv forty-five minutes for development of maximum color. The color Amlue was 
found to be constant during a 45-60 minute period after addition of the acid. Color 
intensity Avas read in a Coleman No. 11 Universal spectrophotometer, at a AA’^ave 
length of 430 mp, against a blank of concentrated sulphuric acid. Calibration curves 
Avere prepared daily, using a standard solution of sodium pregnanediol glucuronidate 
in 90 per cent ethanol. Experiments in Avhich pregnanediol Avas separated from the 
sodium glucuronidate indicated that the color developed AA^as due entirely to the 
pregnanediol. The conversion figure for expressing sodium pregnanediol glucuroni- 
date in terms of pregnanediol Avas deriA^ed directly from the molecular Aveights of the 
tAA'o compounds and AA'as 0.597. 

To avoid possible contamination from rubber or cork stoppers, standard 
taper glassAvare was used for all hydrolysis and extraction procedures. 

All reagents Avere tested for possible contribution to color formation and 
Avere found to be Avithout effect. Six specimens of male urine, subjected to 
the complete procedure, gave zero readings. The method Avas checked by 
recoA^erj'- experiments, Avith the results shown in Table 1. 

The results of the above recovery experiments tend to substantiate the 
statement of SommerAdlle et al. (30) that the procedure is of doubtful ac- 
curacy'- for small amounts of pregnanediol. 

Collection of urine specimens. It is generally difficult to obtain 24-hour 
specimens of urine; for conA’-enience, first morning specimens have obvious 
adAmntages. It seemed useful to determine whether the estimation of 
pregnanediol in such specimens Avas of diagnostic Amlue. All results re- 
ported here haA^e been obtained with first morning specimens. Urine Avas 
preseiwed by saturation Avith benzoic acid, a substance Avhich does not in- 
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mail procedure, also Avith slight modifications and using an artificial color 
standard, found the test of doubtful value owning to the large number of 
false positives in women in the luteal phase of the menstrual cycle. Rein- 
hart and Barnes (2S) applied the Guterman test to 130 patients and reported 
a positive and negative error of 25 per cent. They suggested that this might 
be due to individual variation in progesterone metabohsm. The results of 
the two latter groups have been criticized by Guterman (25) because 
Alorrow and Buena used an artificial color standard of potassium dich’-o- 
mate and a wave-length of 530-570 m/x, whereas Reinhart and Barnes em- 
ployed an artificial color standard of potassium dichromate, not compar-' 
able in intensity with that given by 0.4 mg. of pregnanediol. Huber (29) 
found Guterman’s method highl}' satisfactory for extraction and for re- 
moval of acidic and phenolic compounds but preferred a chromatographic 
absorption to the precipitation from acetone/aqueous sodium hydroxide 
solution, and reported that grartmetric determination of the purified preg- 
nanediol was superior to a colorimetric procedure. SommerAulle, Marrian 
and KeUar (30) suggested that the Guterman method was hable to give 
erratic results at low levels of pregnanediol excretion and fictitiously high 
results m the presence of abnormally large amounts of cholesterol or 17- 
ketosteroids. These authors offered an alternative method of purifying and 
isolating the pregnanediol; the procedure for development of color was also 
modified, being carried out at 25° C for twenty minutes only. Bender (31) 
investigated pregnanediol excretion of 100 cases, diagnosed clinically as 
threatened abortion, and concluded that the abortion rate could be reduced 
by about 25 per cent if progesterone therapy was giA’en to those showing a 
negative or weakly-positive Guterman test. Merivale (32) reported only a 
57 per cent accuracy for diagnosis of pregnancy hy the Guterman test. 

The object of the present study was to evaluate the determination of 
urinary pregnanediol excretion as a diagnostic test for pregnancj’-. Since 
an appreciable amount of pregnanediol is excreted by women in the luteal 
phase of the menstrual cycle, it was decided first to investigate the excre- 
tion of this substance bj’- a group of nonpregnant females in both phases 
of the cj’’cle. The two points of interest in such levels were: — 

1. Is there a statistically significant difference in pregnanediol excretion 
in the foUieular and luteal phase of the menstiaial cycle? 

2. Is the excretion in early pregnancy sufficiently different from-that of 
nonpregnant females, in the luteal phase of the menstrual cycle, to 
enable the determination to be used as a diagnosis of pregnanc 5 ’-? 

PROCEDtTRE FOB THE ESTIMATION OF PREGNANEDIOL 

The quantitative procedure of Guterman (25) was used as a basis, but 
the following modifications were found to be advantageous : — 
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luteal phase of the menstrual cycle, there was overlapping of individual 
levels. The level which is to be considered as diagnostic of pregnancy is 
debatable. Guterman first fixed the “positive’' level as 1.0 mg. of preg- 
nanediol per 100 ml. of urine, or 15-20 mg. total for 24-hour excretion; he 
later proposed 0.4 mg. per 100 ml. or 6-8 mg. per 24-hour specimen. Both 
levels were selected by Guterman on the basis of personal judgment, ar- 
rived at by a study of the observed values. It seemed desirable to have a 


Table 2. Ueinaby pregnanediol values 


Group 

1 

Clinical 

Num- 
ber of 

Pregnanediol concentra- 
tion, mg./lOO ml. 
of urine 

condition 

! sub- 
jects 

Range 

Mean and 
standard 
deviation 

Control: 

School of Hygiene Staff 
and T.G.H. Dietitians 

Follicular phase of 
menstrual cycle 

1 

38 

0.07-0.51 

0.22±0.119 

Control: 

School of Hygiene Staff 
and T.G.H. Dietitians 

Luteal phase of men- 
strual cycle 1 

38 

0.06-1.81 

0.42+0.344 

Clinical: 

Outpatients, Pre-Natal 
Clinic T.G.H. 

Pregnant 4-12 weeks 
since last menstrual 
period 

52 

0.30-9.. 50 

1 

2,44 + 1.864 


critical level which would be independent of subjective opinion and which 
would be determined by statistical treatment. A critical level of this type 
has been calculated in the following way: — The actual pregnanediol levels 
in the three series reported above are not normally distributed but the 
logarithms of the values are approximately normally distributed. A critical 
level, lying between the two means, was selected so that the probability of 
a pregnant woman being classified as “nonpregnant” would be equal to 
the probability of the opposite type of error, assuming a normal distribu- 
tion of logarithms of the observed values. The estimated error for either 
type of mistaken diagnosis, arrived at from this critical level, would be 
about 12 per cent. In other words, the theoretical accuracy of the test would 
be about 88 per cent. 

Using the two critical levels proposed bj'- Guterman and that which 
has been calculated from our data, all subjects have been classed as “preg- 
nant” or “nonpregnant” depending on whether the observed value was 
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lerfere ^vith the determination of pregnanediol. Estimations were made 
as soon as possible after collection. 

CLINICAL material 

1. Control group. To arrive at a “base-line” of pregnanediol excretion by 
normal, nonpregnant females, a group of 44 persons (age 19 to 36 
years) was studied. The estimated length of the menstrual cycle was 
recorded, together with the actual length of two consecutive exudes. 
A fir.st morning specimen of urine was collected on the ninth, tenth 
or eleventh day, and the twentieth, twenty-first or twenty-second 
after the beginning of menstruation. A study of the recorded cj^cles 

. allowed an estimation of the time of OAuilation (approximately four- 
teen days prior to the beginning of the second menstrual period). 
Only those individuals who.se second specimen could be assumed to be 
postovulatory were included in the final group which totalled 38 
persons. 

2. Clinical group. A group of 59 women, whose menstrual period had 
been missed for four to twelve weeks and who were attending the 
Pre-Natal Clinic, Toronto General Hospital, furnished first morning 
specimens of urine. Of this number, 52 were pregnant. 

RESULTS 

Urinary pregnanediol levels are summarized in Table 2. Using Fisher’s 
“t” test, the t values for the differences between the means of the two con- 
trol levels was 3.1, a figure which is highly significant. The distribution of 
the logarithms of pregnanediol values is shown in Figure 1. 

Use of pregnanediol levels for the diagnosis of pregnancy. Although there 
was a marked difference between the mean values of pregnanediol concen- 
trations in urine specimens from pregnant women and from those in the 
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above or below the particular critical level. The classification thus obtained 
was compared with the clinical information for each subject, to determine 
the accuracy of diagnosis given by the pregnanediol test. The percentages 
of accuracy for the three series of results, calculated from each critical 
value, are given in Table 3. 

DISCUSSION 

The reliability of the diagnosis of pregnancy by the determination of 
pregnanediol depends primarily on whether the amount of the substance 
excreted during pregnancy is different from that in the nonpregnant state. 
The results reported here show that there is considerable overlapping be- 
tween levels observed in the luteal phase of the menstrual cj'-cle and those 
found in pregnancy. If there were a distinct gap, the use of the pregnanediol 
test would be simple. Since that is not the case, a critical level has to be 
selected and it is advisable to do so by a procedure which is free from sub- 
jective error. Statistical treatment of our data yielded a critical level 
which, theoreticallj'’, has an error of 12 per cent, Actuallj’-, by the applica- 
tion of this level to the data reported above, 8 per cent of nonpregnant sub- 
jects would be classified as "pregnant,” and 13 per cent of pregnant women 
would be classified as "iionp regnant.” It should be noted that evaluation of 
our data on this basis gave more false negatives than false positives. 

Various statements of the reliability of biologic tests for pregnancy have 
been made. In this laborator}'- the accuracy of the Friedman modification 
of the Aschheim-Zondek test, conducted on rabbits, was found to be about 
98 per cent (34). Two rabbits were used for each test and the test was 
repeated if the two animals gave discordant results. Guterman reported 
that the Friedman test was 87 per cent accurate (23). The female South 
African frog (Xenopus laevis) test has been said to be 99,6 per cent reliable 
for diagnosis (35). It is likely that the pregnanediol test cannot be consid- 
ered as accurate as the established biologic procedures, but the chemical 
method has the advantage in not requiring the maintenance of animals. 
In our opinion it is a useful procedure, particularly if it is applied with 
the proviso recommended b^’^ Guterman, that the test be considered positive 
only after at least one missed menstrual period. We would add an additional 
proviso, that the result be eAmluated in terms of a statisticallj’^ obtained 
critical level. 

The pregnanediol test might be even more reliable if 24-hour specimens 
were used, but, in practice, these are -difficult and often impossible to ob- 
tain. A previous report from this laboratory has indicated a relation be- 
tAveen the concentration of 17-ketosteroids in the urine of normal males and 
the specific gravity of the urine (36) ; no similar relation was found for preg- 
nanediol. 
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Fig. 1. Distribution of logarithms of pregnanediol levels in urine. The “statistical 
level” is the value which has been selected statisticallj', to be used for diagnosis of 
pregnane}'. 
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SUMMAIIY AXD COXCLUSIOXS 

A modification of the Guterman procedure has been developed and used 
for the determination of urinary pregnanediol. The procedure is probably 
not accurate for amounts loss than 0.5 mg./lOO ml. of urine; figures of this 
order have been reported here but have been used with reservation. De- 
terminations were made on morning specimens of urine preserved with 
benzoic acid, from 38 nonpregnant women in both phases of the men.strual 
cycle, and from 52 women who were four to twelve weeks pregnant. 
Although there was overlapping of individual values between the two 
phases of the menstrual cycle and between the luteal phase and early 
pregnancy, the means of the three sets of values were significantly different. 
A statistical method for selecting a critical “po.sitive” level is proposed; 
using this level, the diagnosis of pregnancy from pregnanediol concentra- 
tion in the urine was theoretically 88 per cent accurate. In the cases 
reported there were 8 per cent false positives and 13 per cent false nega- 
tives. Although the procedure is not as reliable for diagnostic purposes as 
are several biologic methods, it is considered useful, particularly when 
animal facilities are not available. 
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PSEUDOHYPOPARATHYROIDISM 

REPORT OF A CASE WITH LATE MANIFESTATIONS 
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Richmond, Virginia 

I N 1942 Albright (1) and his co-workers first described a condition re- 
sembling hypoparathyroidism in which there appeared to be no defi- 
ciency of the parathyroid secretion but a failure of the body end-organs 
to respond to the hormone. Three patients were reported who presented 
certain characteristic physical features with histories of convulsions or 
other symptoms of parathyroid deficiency, and in whofn the results of 
chemical studies were identical with those of h 3 '^poparathyroidism except 
for complete lack of response to administered parathj’^roid hormone. In 
one patient a biopsy revealed apparently normal parathyroid tissue. It 
was postulated that a normal amount of parathyroid hormone was se- 
creted but that the tissue end-organs Avere refractory to the hormone. 
The name ^'pseudo-hypoparathyroidism” was given to this condition. It 
has also been called an example of the "Seabright-bantam syndrome.” 
The Seabright bantam is a species of fowl in AALich the male shoAA^s female 
plumage and comb. Normal testes have been demonstrated, and this 
species has been considered the classic example of end-organ refractoriness 
to a normal amount of circulating hormone. ReAueAA^ of Morgan’s original 
papers (2, 3) on the Seabright bantam leaves some doubt as to AvLether 
this bird represents a true example of end-organ refractoriness. It Avas con- 
clusively shoAvn that folloAving castration the male bantam deA'-eloped male 
plumage and comb. This suggests an endocrine-inhibiting mechanism 
rather than true end-organ refractoriness. Perhaps the term “Seabright- 
bantam syndrome” should be dropped but, nevertheless, the concept of 
a refractory end-organ producing a picture resembling a glandular de- 
ficiency is A^alid. A simpler example is the beardless American Indian 
aaRo has a normal amount of testosterone. 

Four additional cases of pseudohypoparathyroidism have been reported; 
one by Sprague (4) and his co-workers; tAvo by Selye (5) ; and one by Peter- 
man and Gai’A^e}'" (6). 

Because of the rarity of the condition and because of the important 
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forty years. One j'-ear before admission he had first noticed a tremor of the hands and 
a shuffling type of gait. Tlie patient had had a normal sex life, was married and the 
father of two apparently normal children. He had never received any endocrine treat- 
ment. '■ 

Physical exanimation revealed a short, stocky male, whose gait was slightly pro- 
pulsive, with the elbows held in slight flexion. Body measurements were as follows: 
weight 145 lbs., height 59^ in., span 57 in., from symphysis to vertex 31 in., from sym- 
ph 3 '^sis to floor 2S| in., circumference of the head 23 in., circumference of the chest 37 1 



Fig. 2 (a and b). The patient at the time of admission, showing the char- 
acteristic physical appearance as described in the text. 

in., and circumference of the abdomen 36 in. The blood pressure was 112/75. Tempera- 
ture was 98.6°, pulse 72, and respiration 18. The face was round, the neck short and thick, 
and the limbs appeared short in relation to the trunk (Figs. 2a and 2b). Hair distribution 
and skin texture were normal. The pupils were round, equal, and reacted normally. 
Bilateral early lens opacities were present beneath the anterior and posterior capsule. 
The fundi were normal. The ears, nose, and throat were not remarkable. Dental exami- 
nation revealed all the teeth to be small, especially the bicuspids. There was a marked 
overlapping and all the teeth showed advanced abrasion. The left lower second bicuspid 
and the upper right cuspid were unerupted, although roentgenograms showed no evidence 
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theoretical implications of a condition of end-organ defect, such cases de- 
serve further study. The following case is presented as an example of pseu- 
dohj'poparathyroidism diagnosed late in life, and showing some of the 
late manifestations of the disease: 

CASE REPORT 

V. S. (MCV f377S3), a 49-ycar-old white male, was admitted to the Medical College 
of Virginia Hospital on April S, 194S, complaining of pains in the extremities. 

Family history revealed that one brother died of diabetes and one of tuberculosis. 
There was no other history of endocrine disorders, and the patient’s parents had been 
normal as far as he knew. 

The patient was born at term. No other details of the pregnancy were known. He was 
always a “fat" baby, having weighed 4.5 pounds at the age of nine months (Fig. 1). He 



Fig. 1. The patient at age nine months, weight 45 pounds. Note that the fat, rounded 
head and short stubby extremities are apparent at even this early age. 


had “never grown as other children,” alwaj's being short and fat, with a round face and 
short limbs. Between the ages of 17 and 20 he had convulsive seizures which varied from 
three to four dailj’ to once a month. He was never incontinent with these seizures. No 
cause was found, and he “outgrew” them and had no recurrence, with the possible e.x- 
ception of one fainting spell at the age of 37. At the age of 25 he first noticed painless 
firm, warty nodules on the fingers which graduallj’ increased in size and number. At the 
age of 28 he noticed pain and stiffness in the light elbow. This was intermittent, but 
during the following years he developed increasing stiffness and shooting pains in both 
shoulders, elbows, neck, back, hips, and feet. These had finally incapacitated him a few 
months before his admission. 

The patient had worn glasses for fortj- years, but during recent months had noticed 
progressive blurring and dimness of vision. He had had mild periodic asthma for about 
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of significant impaction. These teeth normal^' erupt between the ages of 10 and 13 
years. The lungs showed moderate emphysema and scattered expiratorj' wheezes. The 
heart was normal and the abdomen not remarkable. The genitalia were small but nor- 
mall}' developed. 

Over the first three fingers of both hands, over the dorsum of both feet, and attached 
to the Achilles tendons there were numerous stony hard subcutaneous nodular plaques. 
These were non-tender and immobile, being apparently firmly attached to the deeper 
structures (Fig. 3). There was limitation of motion of the shoulders, spine, hips, and feet. 




Fig. 3. Palmar view of the left hand showing the subcutaneous calcifications. 

iSeurologic examination was not remarkable except for a gross “pill-rolling” tj'pe of 
tremor of the forearms and hands, more marked on the right, present at rest, but dis- 
appearing ndth intentional movements. Chvostek and Trousseau signs were absent. 

Laboratory studies showed normal blood counts and urinalyses. The blood chemistry 
was as follows: serum calcium 6.S mg. per cent, serum inorganic phosphorus 4.5 mg. per 
cent, total serum protein 7.7 Gm. per cent with albumin 4.3 Gm. and globulin 3.4 Gm., 
serum cholesterol 196 mg. per cent, alkaline phosphatase 1.8 Bodansky units, and acid 
phosphatase 2.7 King-Armstrong units. The erythroc 3 ’te sedimentation rate was 24 mm. 
in one hour and the Wassermann test was negative. The urinary Sulkowitch test (7) was 
negative. The 17-ketosteroid excretion was 9.3 mg. in twentj'-four hours. The phenol- 
sulphonthalein excretion was 62 per cent in two hours. The basal metabolic rate was 
minus 11 per cent. The electrocardiogram was not remarkable except for a P-R interval 
of 0.22 seconds, and low T waves in leads 1, CRj and CRs. 

Roentgenograms of the skull revealed a normal cranial vault with a normal sella 
turcica and pineal bod 5 - but extensive bilateral calcification in the parietal and occipital 









Fig. 6. Photomicrographs of the subcutaneous plaque removed from the left hand. 
Note the bony trabeculae, with osteoblastic activity at the periphery. 

a) X90. b) X400. 
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regions (Fig. -1). Roentgenograms of the hand, legs, and feet showed extensive calcium 
deposits in the soft tissues, tendons, and bursae (Fig. 5). An intravenous pyleogram 
showed normally functioning kidneys without calculi. There was some hypertrophic 
lipping of the lumbar vertelrral bodies. 

Two of the subcutaneous plaques on the left hand were removed for study. On dis- 
section they had the consistency of bone. Biochemical assay showed the material to con- 
sist chiefly of calcium phosphates of about the same composition as bone. Histologic 
study revealed bony trabeculae showing osteoblastic actirdtj", with areas of abundant 
fibrous tissue and scattered cells resembling hematopoietic elements (Figs. 6a and 6b). 

An EIlsworth-Howard test (S) was carried out, 2.0 cc. (200 units. U.S.P.) of the para- 
thyroid hormone being given intravenouslj'. The results are shown in Table 1 and are 
compared with that of a normal control. Xo phosphorus diuresis occurred in our patient 
whereas there was a definite phosphorus diuresis in the control n-ith a transitory fall in 
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the serum inorganic phosphorus. The serum calcium of the patient remained essentiallj' 
unchanged, whereas that of the control showed a late rise. In our opinion, these results 
signifj’ that the patient was refractory to the parathj'roid hormone. 

It was thought that the patient presented the findings of pseudohr-poparatlij-roidism, 
which had been present since birth, with cataracts and extensive tissue calcification as 
the late results of a life-long disturbance of calcium and phosphorus metabolism. 

The administration of AT-10 (dihydrotachysterol) was begun on April 17, 1948, and 
the patient was discharged on ^May 10, 1948, to be followed in the Out-Patient Depart- 
ment. Graphic tabulation of serial calcium and phosphorus determinations during this 
and subsequent therapy is presented in Figure 7. At first the large dose of 3.0 cc. (3.75 
mg.) of AT-10 daily was given. As the serum calcium rose, this was reduced to 1.5 cc. 
(1.87 mg.) daily, and later to 0.5 cc. (0.625 mg.) daily after calcium chloride, 4.0 Gm. 
dailj', was added. On the latter maintenance schedule the serum calcium was main- 
tained at an approximately normal level. Serum phosphorus had not been abnormally 
high before treatment but showed some lowering while .A.T-10 was being given. 






S70 


S. B. ALEXANDER AND H. ST. GEORGE TUCKER, JR. Volimie 9 


development of intracerebral calcification is common to both conditions. 
The blood in both shows a lowered serum calcium with elevated serum 
phosphorus and a normal phosphatase level. 

Certain definite criteria differentiate the two conditions. All of the re- 
ported cases of pseudohypoparathyroidism have shown a characteristic 
physical appearance (1, 4, 5). The stature is short, with particular short- 
ening of the long bones in relation to the trunk. The face is round with the 
neck thick and tapering. The hands are stubby and fat with short rounded 
fingers. The metacarpal bones may be particularly short. 

TiTiile intracerebral calcifications occur in both conditions, extensive 
calcification in the subcutaneous tissues of the body is said to be very 
characteristic of pseudohypoparathyroidism (20). 

The final diagnosis of pseudohypoparathjnnidism depends on the dem- 
onstration of refractoriness to the intravenous administration of parathy- 
roid hormone. Ellsworth and Howard (8) have shown that both the normal 
individual and the true hypoparathyroid patient respond to a test dose of 
parathyroid hormone with an immediate and striking phosphorus diuresis 
followed by a fall in serum phosphorus and later by a rise in serum calcium. 
The patient with pseudohypoparathyroidism shows no response at all, 
being refractory to the parathyroid hormone. When this test is performed, 
previous recent parathyroid hormone therapy must be excluded, as the 
development of antihormones can produce a negative result. Renal disease 
which might interfere with phosphorus excretion must likewise be excluded. 

The pathogenesis of pseudohypoparathyroidism is entirely unknown. 
Most of the previously reported cases have been in very young individuals 
and in our patient the process Avould seem to have been present since 
birth. The skeletal alterations suggest that this is a congenital disturbance. 
The extensive degree of tissue calcification may possibly reflect the life- 
long duration of the process as compared with the briefer duration of true 
hypoparathyroidism, a disease acquired later in life. 

It is of interest that our patient had convulsive seizures for several years 
in earlier life but overcame these spontaneously. At no time during our 
period of observance were the Chvostek and Trousseau signs positive, in 
spite of very low serum calcium levels. It is suggested that some compensa- 
tory adjustment in the nervous system may have taken place, alleviating 
the excessive irritability usually accompaying hypocalcemia. Likewise, 
the serum phosphorus in our patient was within normal limits before treat- 
ment. Albright (21) postulated that cataract formation and tissue calcifi- 
cation result more from hyperphosphatemia than from hypocalcemia. It is 
possible that our patient had previously had higher serum phosphorus 
values which had been reduced by some homeostatic mechanism. 

Our patient showed definite e’V'idence of early Parkinsonism. There was 
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Because of the expense of such dosage of AT-10 and because Sprague (4) and others 
have shown that vitamin D is as effective as AT-10 in pseudohypoparathyroidism, it was 
decided to try vitamin D iir large doses instead of AT-10, On June 30, 1948, AT-10 was 
discontinued and vitamin D, 100,000 units daih', was begun. The same dosage of cal- 
cium cldoride was continued. On this program there was a further rise in the serum cal- 
cium with a fall in serum inorganic phosphorus. Because of the marked rise in the serum 
calcium, the vitamin D was reduced to 50,000 units daily and finally to 50,000 units 
every other day. The daily dose of 4.0 Gm. of calcium chloride was continued. The com- 
parison of these two therapeutic agents will be further discussed below. On this schedule 
the serum calcium returned to approximately normal levels. 



Pig. 7. The effect of dihj’drotachysterol (AT-10) and iritamin D on the serum 
calcium- and phosphorus in patient V. S. 


For some reason the patient’s pains in the back and limbs improved considerably 
after he began treatment. Presumabh' his pain was caused by irritation of soft tissues 
and nerve fibers bj' the extensive deposits of calcium present. No change in the calcium 
deposits alreadj' present was expected, and none was observed. Nevertheless, the patient 
considered himself very much improved and was pleased with his treatment. He re- 
turned to work as storekeeper and has not missed any time from his job for the past 
six months. 

DISCUSSION 

PseudohjnpoparathjToidism presents most- of the clinical features seen in 
true hj^poparathyroidism (9-19). Tetanic manifestations or convulsions 
associated with the chronic hjTpocalcemia are the most outstanding symp- 
toms in both conditions. The tendency to cataract formation and to the 
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SUMMARY 

1. A case of pseudohypoparathyroidism, first diagnosed at the age of 
49, is reported. 

2. The clinical features of pseudohypoparathyroidism are presented. 

3. Very extensive tissue calcification, spontaneous cessation of convul- 
sions, and a serum phosphorus level within normal limits were unusual 
features in this case. Their possible relationship to the long duration 
of the disease is discussed. 

4. Large doses of vitamin D, with supplementary oral calcium adminis- 
tration, appeared to be a suitable form of treatment. 
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no history of any illness resembling encephalitis. Di.sturbances of cerebral 
function have been commonlj’ observed in true hypoparathyroidism (13, 
22) and their relationship to intracerebral calcification has been discussed 
(13, 23, 24). The consensus seems to be that the disturbed cerebral func- 
tion and the calcification both re.sult from brain damage due to metabolic 
causes. It seems likelj- that such damage had occurred in the basal ganglia 
of our patient. No change in the signs of Parkinsonism was observed after 
treatment. 

Histologic study of the calcific fragment removed from the finger of our 
patient .showed a structure remarkably similar to true bone, and what 
appeared to be true osteoblastic activity. The mechanism of the formation 
of heterotopic bone is not clear. Duncan (25) states that it maj' occur in 
calcinosis universalis. Kothstein and Welt (26) cite a case in which a 
large sequestrum histologically consisting of bone lamellae was removed 
from calcinosis of the anterior abdominal wall. The question arises as to 
whether fibroblasts of the subcutaneous tissues have taken over osteo- 
blastic function in the presence of altered calcium and phosphorus metab- 
olism. 

As to the choice of preparations for treatment, consideration must be 
given to the mechanism of their action and to the aims of treatment. 
MTien tetanic or convulsive manifestations are present, elevation of the 
serum calcium is obviously the most urgent need. In true hypoparathy- 
roidism this may be accomplished either bj’ AT-10 (11, 14, 16) or large 
doses of %'itamin D (17), together with supplement arj- oral calcium. If 
h^qierphosphatemia is important in the causation of cataracts and tissue 
calcification, as Albright believes (21), AT-10 would appear to be prefer- 
able because of its greater effect in promoting phosphorus excretion and 
direct!}’' lowering the serum phosphorus (11). U.sually a small maintenance 
dose of AT-10 is sufficient. MTiere larger doses are necessaiy, the expense 
of such treatment may be considerable. In these cases, the simultaneous use 
of vitamin D with a smaller dose of AT-10 seems reasonable. 

In pseudohjqDoparathyroidism AT-10 is effective, but larger doses are 
required (1). This is probably due to the fact that these patients are as 
refractory to the phosphorus-excreting action of AT-10, as thej’ are to the 
parathyi’oid hormone. AT-10 is effective then only in so far as it increases 
calcium absolution. This effect is essentially the same as that of vitamin 
D. Sprague (4) and his co-workers have shown that in pseudoh3q3oparathy- 
roidism the effects of AT-10 and ^’itamin D are identical. From our obser- 
vations with the patient reported here, it appears that %'itamin D is as 
effective as AT-10 and somewhat le.ss expensive. Vitamin D in large doses, 
combined with supplementary oral calcium, would appear to be the treat- 
ment of choice. 
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From the Army Institute of Pathology, Washington, D. C. 

A LTHOUGH the eosinophilic cells present in the so-called Hurthle cell 
tumors probably bear little relation to the interfollicular cells in the 
thyroids of young dogs described by Hurthle many years ago, prolonged 
usage has inextricably associated his name with these elements. It has 
been pointed out that Hurthle cells represent a peculiar type of cellular 
transformation which occurs in a variety of conditions, but their exist- 
ence in certain tumors (1) has been much more widel.y recognized than 
their presence in non-neoplastic lesions of the thyroid. 

A review of the numerous specimens of thyroid received at the Army 
Institute of Pathology between August 1942 and January 1948 made it 
clear that the development of Hurthle cells takes place not only in thyroid 
hyperplasia, in Hashinioto’s disease and in exhaustion atrophy but as a 
consequence of irradiation, administration of thiouracil and partial thy- 
roidectomj''. This study was designed to determine the common factors 
which, operating under apparently vudely diverse circumstances, result 
in the same phenomenon. It is to be hoped that investigation of this pe- 
culiar cellular reaction may aid in the formulation of certain biologic con- 
cepts which will apply to the other endocrine glands as well as to the thy- 
]‘oid. 

Certain epithelial alterations, the most prominent of which is the forma- 
tion of Hurthle cells, will be referred to under the designation “cellular 
involution.” Cellular involution should be distinguished from follicular 
involution, that process in which colloid is redeposited while follicular 
epithelium is reconverted from the active to the resting state. 

The classic Hurthle cell is eosinophilic, but variants Avith a cytoplasm 
which is foamy or finely stippled with granules are also encountered. 
Hurthle cells tend to be square rather than columnar and often have a 
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The tissue left after subtotal resection for hyperthyroidism exhibited 
transformation to Hurthle cells in several instances. In some cases the 
residual tissue assumed the form of a pleomorphic nodular goiter (Plate 2; 
Fig. 7) in which nodules of Hurthle cells (Plate 2 ; Fig. 8) were conspicuous. 
In others (Plate 3; Fig. 11) the transformation was so uniform that the 
over-all pattern was indistinguishable from that of Hashimoto’s disease. In 
a few instances thyroid parenchyma, composed almost entirely of Hurthle 
cells, had proliferated so extensively after repeated operations for recur- 
rent exophthalmic goiter that the appearance of a tumor was simulated. 

In several cases more than one factor could have been held responsible 
for the involutionary changes. For example. Figure 9 (Plate 3) shows a 
focal aggregation of Hurthle cells in the thyroid of a patient who had 
undergone resection twice and had received a course of thiouracil. This 
nodule could have resulted from prolonged toxic hyperplasia, from the 
treatment with thiouracil or from the operations. 

The thyroid in Figures 10 and 11 (Plate 3) is from a patient who had 
had several operations and a course of roentgen therapy. Tissue which 
had been removed from the thyroid of this patient eight and four years 
prior to the final operation was available for study. Early involutionary 
changes were recognized in the earliest specimen, and there was unequi- 
vocal formation of Hurthle cells in the tissue removed four years later 
(Fig. 10). Eight years after the original operation, when the third resection 
was carried out, examination showed extreme involution and the forma- 
tion of so many Hurthle cells that the resultant picture (Fig. 11) duplicated 
exactly the pattern seen in Hashimoto’s disease (Fig. 12). 

Lymphocytic infiltration was a frequent concomitant of cellular in- 
volution. In the study of Hashimoto’s- disease so much attention has been 
paid to the lymphoid component that the far more significant epithelial 
alterations have received due emphasis only relatively recently (2) . Trans- 
formation to Hurthle cells and desquamation into the follicular lumens 
was more marked in Hashimoto’s disease than in most other types of in- 

Fig. 1. (Neg. No. 103291; Acc. No. 96365) Myxedema. Most of the thyroid paren- 
chyma has been replaced by connective tissue. A few nodules of Hurthle cells remain. 
(X185) 

Fig. 2. (Neg. No. 103281) Exhaustion atrophy. Thj’-roid of an elderly woman who died 
of carcinoma of the breast. Dark Hurthle cells form solid nests. Cells exhibiting an in- 
termediate stage of involution are present in the few remaining follicles. ( Xl85) 

Fig. 3. (Neg. No. 103278; Acc. No. 42121) Reaction to irradiation. Numerous Hurthle 
cells are present in hyperplastic epithelium. ( X 185) 

Fig. 4. (Neg. No. 103280) Reaction to irradiation. Darkly eosinophilic Hurthle cells 
are abundant in a gland exhibiting many pleomorphic nodules composed of atypical and 
bizarre elements. ( X 185) 
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distinct cellular border: Their lieing closely packed, their size and their 
shape give a “solid” appearance to areas in which they are abundant. 
Bizarre, large and distorted nuclei are common; often the nuclei are pyk- 
notic and crenated, with irregular scalloped indentations where the cyto- 
plasmic mass impinges on the nuclear membrane. Follicular conformation 
is often preserved, but the follicles tend to be small and round and may 
contain bright eosinophilic colloid material, often of a shade identical nith 
that of the cellular cjdoplasm. In advanced stages of involution onlj' scat- 
tered nests and cords of polyhedral eosinophilic cells remain in the stromal 
connective tissue. 

In some of the thyroids from patients with mj'xedema (Plate 1 ; Fig. 1) 
no normal parenchymal tissue was left. In the fibrotic glands there were 
occasional nests of Hurthle cells which lacked a follicular pattern and were 
accompanied by lymphocytic infiltration. The picture in so-called exhaus- 
tion atrophy was comparable, but involution was neither as uniform nor 
as profound (Plate 1 ; Fig. 2). It should be pointed out that the time honored 
term “exhaustion ati'oph}^” indicates that the involutionary nature of the 
process has been recognized. 

Although the reaction of the thj'xoid to various tj^Des of irradiation has 
been subjected to close study, no ty'pical or characteristic histologic pattern 
has emerged. In some of the specimens which were studied after irradia- 
tion, features of atj^jical nodular adenomatous goiter were recognizable in 
addition to many foci of Hurthle cells (Plate 1 ; Fig. 3 and 4) and other 
involutionar}’- elements. 

Nodules of Hurthle cells were not infrequently seen in diffuse toxic goiter, 
especially when the hj-perthjToidism was of long standing. It was sometimes 
possible to recognize in hjqjerplastic thyroid epithelium the early stages 
of transformation to Hurthle cells, particularly when the alteration was 
focal. The tall columnar cells broadened, the endoplasm became clear or 
eosinophilic and the nuclei exhibited de\'iations from the normal. 

The involutionary changes consequent to the administration of thioura- 
cil are to be compared with those in simple hj^perplasia for two reasons: 
first, because the drug is used for the treatment of toxic hjqjerplasia, and 
second, because it itself provokes hjqierplasia of thjToid epithelium. In the 
glands of a few patients treated with thiouracil there was extensive forma- 
tion of Hurthle cells (Plate 2; Fig. 5) in addition to the peculiar intensi- 
fication of pre-existing hjqierplasia which is often associated with the ad- 
ministration of this drug. The entire thjToid of one patient with hj-per- 
thjToidism who was treated with thiouracil consisted of nodules of Hurthle 
cells (Plate 2; Fig. 6) arranged in papillar 3 ^ conformations so bizarre that 
a diagnosis of neoplasia had to be considered. 
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volutionary alteration. In Hashimoto’s disease the transition from cellular 
hyperplasia to cellular involution was evident. The belief expressed by 
Hellwig that Hurthle cells are ‘‘ . . '. young proliferating rather than de- 
generated and atrophic ...” elements is based in part on his recognition 
that in the thyroid of Hashimoto’s disease there is an intimate relation 
between Hurthle cells and hyperplastic elements. That the involution of 
hyperplastic epithelium is at times paralleled by functional alteration is 
evidenced by the old clinical observation that H.ashimoto’s disease and 
hypothyroidism may be sequelae of hyperthyroidism. 

Certain types of supressive treatment increased the tendency to cellular 
involution, which is a consequence of prolonged stimulation. For example, 
Hurthle cells were often seen in simple hyperplasia; irradiation or treat- 
ment with thiouracil accelerated their formation. Similarly, in some in- 
stances in this series, continued proliferation of thyroid tissue despite 
multiple resections, resulted in cellular involution of the most extreme 
type. 

Cellular involution is caused by prolonged hyperplasia without fol- 
licular involution (Fig. 13). It must be emphasized that such morphologi- 
cally demonstrable h 3 '-perplasia is not necessarily associated with hyper- 
function in the sense of excessive secretion. Deficiency of iodine or the ad- 
ministration of thiouracil, for example, result in hypofunction with con- 
comitant cellular hyperplasia. Compensatory hyperplasia of thyroid epi- 
thelium ensues when there is failure of normal secretion. Either simple 
hyperplasia over a prolonged period or exaggerated h 3 q)erplasia, such as 
that caused by thiouracil, over a short period can result in cellular involu- 
tion. 

SUMMARY 

By involution of the thyroid (^'follicular involution”) is meant that 
process in which follicular colloid is redeposited and follicular epithelium 


Fig. 5. (Neg. No. 103335; Ace. No. 195181) Reaction to thiouracil. Focal transforma- 
tion to Hurthle cells of hyperplastic thyroid epithelium. This patient had received 
thiouracil until ten days before resection was carried out. There were also many foci of 
atypical lij’^perplasia and pseudoneoplastic papillary conformations. (XlS5) 

Fig. 6. (Neg. No. 103372; Acc. No. 16S236) Reaction to thiouracil. Papillary and 
adenoid nodules composed almost exclusivelj' of Hiirthle cells in the thyroid of a man 
treated with thiouracil for exophthalmic goiter. (X23) 

Fig. 7. (Neg. No. 103382; Acc. No. 19S3S4) Reaction to partial thju'oidectomy. 
Manj^ nodules composed of Hurthle cells in a recurrent nodular goiter. The first operation 
had been performed eight years before (see Fig. 8). (XH) 

Fig. S. (Neg. No. 103337; Acc. No. 19S3S4) Reaction to partial thyroidectom 3 ^ High 
power view of one of the nodules illustrated in Figure 7. It is composed entirely of dark 
Hurthle cells. (XlS5) r 
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PROLONGED HYPERPLASIA, CELLULAR INVOLUTION (HA SHIMOTO'S DISEASE) 
HYPERPLASIA 

NORMAL RANGE OF CYCLIC VARIATION 

INVOLUTION 
(follicular ) 


IRREGULAR INVOLUTION (folliculor) ( NODULAR, ADENOMATOUS GOITER) 

HYPERINVOLUTION (follicular) (COLLOID GOITER) 

Fig. 13. Diagram indicating the difference in genesis of follicular and cellular forms of 
involution. The normal thyroid gland may undergo a recognizable degree of cyclic hj'- 
perplasia and follicular involution without resultant significant permanent structural 
alteration. Repeated cycles of e.xcessive hyperplasia and follicular involution result in 
nodularity because proliferation and regression in different portions of the gland are not 
synchronized (3). Persistent follicular hj'-perin volution leads to the development of 
colloid goiter. 

returns to the flattened resting state after a period of hyperplasia. This 
phenomenon contrasts with^ certain other epithelial alterations which take 
place under a variety of conditions and might well be termed ^Tellular in- 
volution.” The most prominent of these changes is the formation of the 
eosinophilic elements commonly called Hurthle cells in lesions of the 
thyroid generally regarded as regressive. Recognizing that cellular involu- 
tion is common to a number of diseases may aid in the understanding of 
the pathologic physiology of the thyroid gland. 

Numerous examples of cellular involution in the thyroid have been 
studied during the past five years at the Army Institute of Pathology. The 
conditions in which the phenomenon was observed included Hashimoto’s 
disease, myxedema, ''exhaustion” atrophy and exophthalmic goiter. It is 
of particular interest that identical alterations were observed consequent 
to roentgen therapy, treatment with thiouracil and subtotal resection. The 
occurrence of cellular involution can be taken as an indication that the 


Fig. 9. (Neg. No. 103375; Acc. No. IS4612) Reaction to partial thyroidectomy and 
thiouracil. Nodule of Hurthle cells in a gland which had twice been subjected to sub- 
total resection. The patient had also received thiouracil. (X55) 

Fig. 10. (Neg. No. 103288; Acc. No. 86772) Reaction to irradiation and partial thy- 
roidectomy. Focal development of Hurthle cells in a hyperplastic gland resected for the 
second time four years after irradiation and partial thyroidectomy, for exophthalmic 
goiter. Material removed at 'a third operation four years later revealed more diffuse 
and advanced cellular involution (see Fig. 11). (xlS5) 

Fig. 11. (Neg. No. 10328SA; Acc. No. 86772) Reaction to irradiation and partial 
thyroidectomy. This pattern was encountered in material removed at the third operation 
on the patient mentioned in the legend of Figure 10. There had been considerable re- 
growth of thyroid tissue. The small follicles composed of Hurthle cells and the lymphoid 
infiltration are identical with those seen in Hashimoto’s disease (see Pig. 12). (X185) 
Fig. 12. (Neg. No. 103294; Acc. No. 185263) Hashimoto’s disease. Diffuse formation 
of Hiirthle cells and bmiphoid infiltration. Compare with Figure 11. (Xl85) 
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CASE EE PORTS 

Case 1. Carmen J. was a 20-year-old girl from Lerida. Family and past historj- re- 
vealed nothing pertinent. 

In December 1945 she showed nervousness, insomnia and asthenia. In a few weeks 
she lost S Kg. in weight. In February 1946 the presence of a diffuse goiter was obserr-ed 
and at the same time she complained of palpitation and diarrhea. The condition was 
diagnosed as hyperthyroidism and she was treated with homeopathic methods for three 
consecutive months, without improvement. In October of the same 3 'ear, bilateral e.voph- 
thalmos appeared and soon afterwards a striking improvement commenced. In Sep- 
tember 1947 two indurated patches developed in both pretibial regions; the 3 ' were 
clearh' defined, of c 3 'anotic appearance and slightl 3 ' pruriginous. This cutaneous altera- 
tion developed during the course of about two weeks and then remained stationar 3 '. 

On August 26, 194S, the basal metabolic rate was plus 32 per cent. The attending 
ph 3 'sician made a diagnosis of Graves-Basedow disease and prescribed 0.30 Gm. daih'of 
meth 3 -lthiouracil. This treatment was continued until October 28, when the patient was 
seen b 3 ' us. With the antith 3 Toid medication her nervousness, palpitation, fatigue and 
diarrhea improved considerabl 3 ’ but the goiter, the exophthalmos and the cutaneous 
lesions were intensified. 

Physical examination. Weight 63 Kg.; height 1.60 M. There was marked bilateral 
exophthalmos (Figs. 3 and 4) with slight edema of the eyelids (exophthalmometr 3 ' 
RE =22 mm., LE = 23 mm.). Grafe, INIobius, Stellwag and Dah^-mple signs were present 
There was a diffuse soft goiter with a vascular S 3 'stolic thrill all over. The pulse was 160 
and the blood pressure, 140/75 mm. Hg. The tendon reflexes were exaggerated. 

Oocup 3 'ing the union of the medium third with the inferior third of both legs and 
situated on the antero-lateral surfaces, there were large patches, 15 cm. high b 3 ' 10 cm. 
wide on the right extremit 3 ', and 20 cm. liigh b 3 ' 12 cm. wide on the left. These patches 
were elevated b 3 ' about 2 cm. from the surrounding skin. The 3 ' were of a reddish-violet 
color, C3*anotic, of a hard consistenc3’, non-pitting, and perfectl3' delineated. OA'er their 
surface there was observed an adherent discrete desquamation, which when lightly 
scraped showed dilated follicles and a h 3 'pertrichosis. The hairs were not very numerous, 
were irregularl 3 ' distributed, and were not found on the skin of the rest of the extremit 3 ’ 
(Fig. 1). 

Both patches resembled the enormous blisters of Quincke’s edema, from which, how- 
ever, the 3 ' were distinguished b 3 ’ their slow development, purple color, firmer consistenc 3 ', 
the fine overl 3 'ing desquamation and the h 3 'pertrichosis. 

Biopsy of skin. (October 29, 1948). The epidermis conserved its normal structure, but 
the interpapillar 3 '' prolongations were ver 3 ’’ strongl 3 ' marked. The granular la 3 'er was 
h 3 "pertrophic and corresponded to the manifest h 3 ’perkeratosis throughout the skin, 
which was exaggerated still more at the level of the follicle orifices. The elective stains 
for melanin showed an increase of this element and its retention b 3 ' the dermic chromato- 
phorous cells. 

In the papillar 3 ’ la 3 ’er the elastic fibers were abnormal. The elastic fibrils had almost 
complete^' disappeared and the collagenous fibers had lost their fibrillar appearance. 
Some capillaries were observed surrounded b 3 ' small cellular infiltrations that were 
chiefl 3 ' l 3 ^mphoc 3 ’tes. 

The most marked lesions were seen in the corium. The fibrous la 3 'er of the skin was 
found to be completel 3 ' dhided b 3 ' a clear edematous zone into two la 3 ’ers (Fig. 5), one 
superficial and the other deep, in which the patholog 3 ' was practicalh- the same. The 
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already described at other levels of the skin. Also around some vessels there were small 
lymphomonocytic infiltrations, more, discrete than in the rest of the corium. In this 
edematous zone were found the pilosebaceous follicles. The fibers of the pili erector mus- 
cles appeared swollen and very refracthm, whereas the sudoriparous glands were unal- 
tered. 

The hypodermis was normal, e.xcept for a panvascularitis affecting only the small 
arteries and veins feeding the skin. 

Laboratory findings. The basal metabolic rate (October 29, 1948) was plus 12 per cent, 
blood cholesterol 145 mg. per cent, creatine retention 60 per cent, and urinar}'^ excretion 
of 17-ketosteroids, 10.7 mg. in twenty-four hours. 

Thju-otropic hormone in the urine assayed 6.25 Junkmann-Schoeller units. Extraction 
was done by the Emerson and Cutting method (4); titration was done on the 24-hour- 
old chick by the Rawson and Salter microhistometric method (5). 

H ematologic examination. Plasma and serum proteins and blood potassium, sodium, 
calcium and glucose levels were normal. The red and white blood cell counts were normal 
but there was a lymphomonoc 3 '’tosis. 

Case 2. Maria de los Angeles T. was a single woman from Barcelona, aged 42 jmars. 
Family and past histoiy were not pertinent. 

The first signs of her illness began in September 1947 after an intense psychic trauma. 
She complained of heart pain, giddiness and palpitation. She was treated with digitalis 
during several months without relief. After January 1948, menstruation became less 
frequent and irregular. In March of the same j^ar she observed bilateral exophthalmos 
which became progressive!}'' more intense. 

On April 12, 1948, she was visited by one of us. She presented a very intense exoph- 
thalmos (exophthalmometry RE = 24 mm. LE = 23 mm.) with epiphora, palpebral edema 
and Grafe, jMdbius and Stellwag signs. Her thyroid gland was palpable. The heart I’ate 
was 130, with regular rhythm and the blood pressure was 150/70 mm. Hg. 

Her basal metabolic rate was plus 44 per cent, and blood cholesterol 110 mg. per cent. 
Blood cell counts were normal, but there Avas a lymphocytosis. 

With the diagnosis of Graves-Basedow disease, on April 13 treatment was started 
with 0.50 Gm. of thiouracil daily. On April 26 she rvas much better, the pulse having 
decreased to 90 and the metabolic rate to plus 26 per cent. The dose of thiouracil was 
reduced to 0.30 Gm. daily. 

The initial improA'^ement continued sloAvly and then the patient began to take thioiira- 
cil irregularl}'' AA'ithout any medical control. 

On July 10 Ave saw the patient again with an obA'ious recurrence of thyrotoxicosis. 
Since the last fortnight in June she had noticed in both infej-ior extremities symmeti'ical 
cutaneous sAA'ellings distributed uniformly OA'-er the antero-Iateral surfaces of the legs, 
commencing 3 cm. beloAv the patella and ending 2 cm. above the metatarsophalangeal 
articulations (Fig. 2). 

These sAA'ellings Avere solid, uniform, and did not pit on pressure. They Avere distributed 
in the form of a hemic 3 dinder of which the continuit}' AA'as bi’oken at the leA'cl of the 
ankle b}'' a deep grooA'e shoAvn in Figure 2. The color AA'as a uniform reddish-purple. The 
cutaneous surface AA’as coA'ered by small funnel-Iike depressions corresponding to the 
pilosebaceous orifices, the abundance and uniforinit}’ of which gave to these patches the 
appearance of orange-skin. 

On the cutaneous surface there was a fine adherent desquamation and an abundance 
of hairs, coarse, long and black, situated on the internal surface of both legs. The cutane- 
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collagenous network was dense but the appearance and coloring of the fibers tended to 
hyalinization. In certain zones of the microscopic preparation the interstitial lymphatic 
spaces were expanded and the fibroblasts showed ramification; this edema was only 
local and did not spread to the network or separate it. The elastic fibers, however, ap- 
peared fragmented, straight or in moniliform grains; some were well stained, whereas 
others had less affinity for the orcein and seemed about to disintegrate. From time to 
time there were visible at this level some perivascular infiltrations of mononuclear and 
lymphocytic cells. In the middle part of the corium the edema completely dominated the 












Fig. 5 Fig. 6 

Fig. 5. Case 1. The edematous zone which divides the corium into two laj'ers is 
clearly distinguishable. This lesion appears characteristic of tliis disorder. Note mild hy- 
perkeratosis of the epidermis and normal hypodermis (stain bj’ the iMasson’strichromic 
method). 

Fig. 6. Case 1. Detail of the alterations of the elastic fibers in the deeper layer of 
the corium (stain by the orcein-hematin method). 

picture and was so great that the space appeared almost empty (Fig. 6). partitioned only 
by an amorphous fibrillar wide reticulum which did not stain with tbionin, mucicarmin 
or the acid and basic anilines. Scattered irregularly' near this zone, there were a few bits 
of hyalinized collagenous substance of irregular outline or forming balls, wliich ap- 
peared thicker around some blood vessels which were sectioned at this level. The rare 
elastic fibers were distributed irregularly and presented more definitely the alterations 
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80 per cent (Goldner (15)), but in others it appeared in conjunction with 
a remission of the disease and with metabolic rates near the normal figure 
(cases of Samek (10), Urbach (13), Cohen (3)) or after thyroidectomy with 
marked hypometabolism (O’Leary (16), Netherton and Mulvey (17)). In 
the last type of case the administration of desiccated thyroid produces a 
rapid disappearance of the hypothyroid signs but the patches of circum- 
scribed myxedema persist unmodified. In some patients the ''circumscribed 
myxedema” develops either before or with the first manifestations of 
hyperthyroidism (O’Leary (7), Dowling (18)), whereas in other cases, such 
as our first patient, it appeal's when the hyperthyroidism has had a long 
period of evolution. The possibility of a tired thju’oid gland might explain 
the last, but not the first situation. 

The "thyrotoxic myxedema” in some cases starts Avith the formation of 
a soft diffuse edema, A^arying in intensity frorn one day to another and 
changing finally to the characteristic pretibial patches (O’Leary (16)). 
In other cases the lesions develop slowly and are delimited from the A^ery 
first. Nodules haA^e also been observed. These nodules are separate (Does- 
sekker (19), Freudenthal and Brunauer (20)) but by confluence they re- 
produce the characteristic patches of the lesion (DoAAding (18)). 

The course of this cutaneous lesion is essentiallj’’ chronic. In the pub- 
lished cases different hormonal and dermatologic treatments have been 
tested with practically negative results. Iodine, thyroidectomy and anti- 
thyroid drugs, desiccated thju'oid and thyroxin, have been emploj'-ed and 
shown to be useless or even capable of aggraA^ating the process. 

The histopathologic pattern of the cutaneous lesions also needs inter- 
pretation. According to the greater number of authors (e.ff., Pillsbur}'- and 
Stokes (8), Netherton and Mulvey (17), Carol (11), Cohen (3)) the 
histologic picture is characteristic of hypoth 3 n’oid myxedema. Dowling 
(18) and McLeod (21) speak of a mucinic degeneration of the corium 
secondary to a basophilic degeneration of the collagen and elastin, and 
Netherton and Mulvey believe that the lesion is completely different from 
genuine myxedema. They consider the condition to be a "mucoid de- 
generation of the skin” associated with hyperthyroidism. However, in our 
first obserAmtion some of the histochemical reactions for mucin wei’e com- 
pletely negative. 

The conservation of the structure and the normal disposition of the 
papillae eliminates the possibility that these cutaneous lesions are due to a 
dermic edematous or other infiltration, Avhich no doubt would have dis- 
tended the epithelium, eliminating or at least decreasing the papillary 
festoon AAdiich was very prominent in our case. On the other hand, the situ- 
ation of the lesion in the middle zone of the corium gives to the histologic 
picture a A^ery specific topographic character and if Ave furthermore con- 
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ous alteration did not produce any discomfort, except a slight sensation of hea^dness and 
tension. 

The basal metabolic rate (July 10) was plus 34 per cent. Blood cholesterol was 125 
mg. per cent. No permission for biopsj’ was obtained. 

COMMENT 

The cutaneous lesions observed in our 2 patients coincide completely 
■vrith the published descriptions of ‘•'mj-xedema circumscriptum thj-ro- 
toxicum.” Both patients presented tj-pical Graves-Basedow disease; in 
the fii'st patient cutaneous infiltration patches appeared during a phase of 
spontaneous partial remission of the th^'rotoxicosis and coincided with 
the development of the exophthalmos; whereas in the second patient the 
“circumscribed mj'xedema” appeared at the beginning of a recurrence of 
the thju'otoxicosis after treatment with thiorrracil 

The pathogenesis of this disorder is a problem not yet solved. According 
to Sabrazes (6) these patches result from vasomotor alterations, causing 
blood and lymph stasis and chronic edema {U'ophoedeme basedowien). They 
are capable of resohdng spontaneously or developing gradually to sclero- 
derma. 

O’Leary (7), Pillsbmy and Stokes (8), and Ingram (9) believe that the 
lesions can be produced by chronic vascular stasis and cardiac faihu’e 
secondaiy to the thyrotoxicosis. Traumatism has been considered as a 
possible causal factor of localization (Samek (10)). The action of cold could 
be one of the determining factors, according to Samek (10) and Carol (11), 
who point out the similarities of these alterations with erxdhrocyanosis 
crm’um. 

These hj-potheses are not applicable in our cases nor in manj' others 
published by different authors in which the indurated patches appeared in 
mild thjTotoxicosis and even after the thjToid extirpation, without ante- 
cedent cardiac failure, traumatism, or the action of low temperatures. 

There have been many endocrine hypotheses to explain the origin of 
these lesions. Richter (12) speaks of a state of thjToid exhaustion and con- 
siders that the disorder is produced by a functional alteration of antag- 
onistic endocrine glands. Carol (11) believes that there exists in the legs 
a local hjyjothjToid state resembling the vascular disorders caused bx' 
cold. Urbach (13) and Wiener (14) think that the skin in the affected region 
has become incapable of using the thjToid hormone (either in normal 
quantities or in abundance), resulting in the local mj’xedematous altera- 
tions. 

The “circumscribed myxedema” has been observed only in indhuduals 
who have or have had exophthalmic goiter. In some cases the patient 
showed definite thjTotoxicosis with a basal metabohe rate as high as plus 
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edema” is accentuated even more if we consider the results of the different 
therapeutic methods which have been tested for each. We have already 
indicated that the exophthalmos is almost always accentuated after thy- 
roid extirpation and may develop into dreaded malignant exophthalmos; 
“circumscribed myxedema” appears almost always in the remission phase 
of the disease and in many cases it only manifests itself after thyroidec- 
tomy. The antithyroid compounds such as thioui-acil, possiblj^ b}^ their 
inhibitory action on the production of the th 3 a’oid hormone, in our patients 
produced an increase of exophthalmos and pretibial edema. Treatment 
aimed at inhibiting the anterior lobe of the pituitary gland {e.g., estrogens, 
radiotherapy) gave good results in some cases of malignant exophthalmos 
studied by Friedgood (36), Brian (40), Martens (41) and Klotz (42). We 
therefore decided to test these procedures also in our cases of “th^u’otoxic 
myxedema.” 

In the first of our patients we omitted the methylthiouracil and initiated 
treatment with 2 mg. daily of estradiol benzoate. After fifteen days the 
pulse rate had dropped from 160 to 80, the tremor of the fingers had dis- 
appeared and the weight had increased by 1 Idlogram. From that date, the 
cutaneous patches gradually lost their cyanotic appearance, decreased in 
height and showed a tendency towards the formation of isolated nodules. 
The basal metabolic rate dropped from plus 12 to minus 18 per cent. 
After a month of treatment, a subtotal thju’oidectomy was performed bj’’ 
Dr, Piulachs. After the operation the patient continued to take 2 mg. 
daily of estradiol benzoate in courses of treatment of three weeks’ duration 
followed by a premenstrual interval of therapeutic rest. One month after 
the operation the metabolism was maintained at minus 17 per cent, the 
cutaneous patches had been considerabW reduced, and the exophthalmos 
was very much less intense; urinary excretion of thyrotropic factor was 
not demonstrable. 

In the second case the thiouracil was also omitted and treatment was 
begun with 0.5 mg. of diethylstilbestrol and 20 drops of Lugol’s solu- 
tion daily. The patient progressively improved and after seventeen 
days the basal metabolic rate dropped from plus 34 per cent to plus 12 per 
cent. The cutaneous infiltration, however, remained uninfluenced. To the 
prescribed treatment, 2 mg. of estradiol benzoate was added dailj^ during 
intermenstrual cycles. After three months we again saw the patient. She 
had a small pretibial infiltration on the left leg, her exophthalmos had 
almost completelj'’ disappeared and she was free from hyperthyroid symp- 
toms. Her basal metabolic rate was minus 7 per cent. 

The action of thjn-otropic hormone provides an explanation of the origin 
of the cutaneous infiltration patches which are observed in some patients 
with Graves-Basedow disease. Their elective localization on the pretibial 
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sider the alteration of the collagen and elastic tissue which accompanies it, 
this infiltration could be interpreted as secondary to the alteration in 
elastic tissue produced by the endocrine disorder. 

The presence of edematous alterations of the skin in patients with 
primary thjwotoxicosis is observed with relative frequency. The edema can 
affect the face, the extremities and specially the eyelids; it is transient and 
some times considered to be of angioneurotic tljTpe. It has no relation what- 
soever to the intensity of the thyrotoxicosis. The exophthalmos, both that 
observed in Graves-Basedow disease and that which can be produced in 
laboratory animals by the administration of thjTotropic hormone, is due 
also to edema of the intra-orbital structures (Naffziger (22, 23), Naffziger 
and Jones (24), Jones and Naffziger (25), Aird (26), Smelser (27)); and, 
as happens in the other forms of edema and with the circumscribed mjrxe- 
dema, it is neither a constant sign of hjqjerthjwoidism nor does it follow 
the course of the disease. In some cases the exophthalmos appears before 
any other thj’rotoxic sjnnptom (Klotz (28)) ; in others it manifests itself 
only in remissions or after the thjToid extirpation (Ruedemann (29)). In 
general, it increases after operation (Soley (30), Dobjms (31), and Dobjms 
and Haines (32)). 

There exists then a series of analogies between the "circumscribed m 3 Tc- 
edema” and the exophthalmos. Exophthalmos is not due primarilj’’ to 
thyroid hjqjerfunction, as Glej’’ (33) was able to produce it in the rabbit 
bj”- means of th 3 "roid extirpation and Friedgood (34, 35, 36) provoked it in 
the intact or thjToidectomized guinea pig hy injection of pituitar 3 ’’ ex- 
tracts rich in th 3 WOtropic hormone. Clinical and experimental studies 
have shown that the exophthalmos is a sign of h 3 q)erfunction of the 
anterior pituitar 3 '^ lobe produced through the th 3 Totropic hormone; or, as 
Friedgood (36) suggests, 63 ^ mediation of an exophthalmotropic factor 
intimatel 3 ^ related with this hormone. 

"Circumscribed m 3 rxedema” is observed onl 3 ’- in patients with intense 
exophthalmos and Cohen (3) refers to observations in which the ocular 
protrusion was so great that it should be classified as malignant exoph- 
thalmos. In such cases, in which the retrobulbar edema and the aqueous 
infiltration of the e 3 ’-ebaU dominate the clinical picture, it is possible to 
demonstrate the urinary excretion of large quantities of th 3 TOtropic factor, 
whereas in the h 3 >perth 3 Uoidism not accompanied b 3 ' exophthalmos and in 
normal indhdduals the excretion is ver 3 ’^ low or nonexistent (Rawson and 
Starr (37), Hertz, Williams and Means (38), Klotz (28, 39)). In our 2 pati- 
ents there was a severe exophthalmos and in the first one we detected the 
excretion of a high titer of th 3 'Totropic factor. 

The parallelism between the exophthalmos and the "th 3 Totoxic m 3 'x- 
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region of both legs possibly is due to the particular conditions under which 
the blood and lymphatic circulation is effected in this region. 

SUAIMARY 

Two cases of “myxedema thyrotoxicum circumscriptum” are described. 
In one of the patients the lesions appeared after two years of Graves- 
Basedow disease; in the second, thej^ developed during irregular treatment 
with thiouracil. In the first case the basal metabolic rate was plus 12 per 
cent; in the second, plus 34 per cent. Both patients were cured by the 
administration of estrogen in large doses. 

The cutaneous biopsj" showed in one case the presence of an edematous 
zone which dmded the corium into two layers. This histologic lesion, with 
its specific topography and structure, seems to be characteristic of this 
disorder. 

Circumscribed mjTcedema is a cutaneous lesion which, like malignant 
exophthalmos, is apparently caused by high production of pituitary 
thjTotropic hormone. 
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tions. Animal protein or some other substance not removed from the pan- 
creas in extraction may be present in the commercial insulin. Patients 
with positive reactions to skin tests with insulin obtained from various ani- 
mal sources as well as with ciystalline insulin have shown ]iegative skin 
reactions with beef, pork, sheep, and horse proteins. These patients appar- 
ently manifest a true hypersensitivity to insulin which is not based upon 
a species-specific factor (6). On the other hand, it is a common clinical ob- 
servation that patients who react unfavorably to insulin from one source 
may be able to tolerate insulin derived from another animal. Cohen and 
Simon (7) reported a case in which cutaneous tests definitely established 
this fact, indicating that the hypersensitivity was due to the animal pro- 
tein source of the insulin and not to the pure insulin principle itself. 

Insulin modifiers such as protamine have similarlj^ been implicated as 
causative factors in allergic reactions to insulin. Cohen and Simon (7) 
state that certain individuals develop local reactions due to the protamine 
content of the preparation. However, Kern and Langner (8) performed 
intracutaneous tests wfith 0.02 cc. of protamine (salmine) solution on 100 
control subjects and 104 diabetic persons who were receiving protamine 
zinc insulin (PZI). No positive i-eactions wei'e obtained. All reports seem 
to indicate that positive cutaneous reactions to protamine insulin are al- 
ways associated with reactions to other insulins such as beef, pork, and 
crystalline insulin, and not to protamine itself (6). Still other factors have 
been implicated such as the alcohol in which the syringe is kept, the pre- 
servative in the insulin, and the denaturing materials. 

There are three types of reactions to insulin; 1) mild local reactions at 
the site of injection, 2) severe local reactions, and 3) general reactions. The 
mild local reactions at the site of injection usually consist of erythema or 
slight local induration and are probably nonimmunologic in nature and of 
little clinical significance. Severe local reactions usually consist of erythema 
and local edema, accompanied by pruritus. Such reactions may be immedi- 
ate or delayed from six hours to several days after the injection. General 
reactions consist of generalized urticaria frequently associated with angi- 
oneurotic edema and with symptoms of circulatory failure, bronchial 
asthma, and gastro-intestinal sj^mptoms. 

The incidence of allergic reactions to insulin varies widely in the reports 
of different authors, apparently depending upon whether all local reactions 
as well as general reactions are reported. Hence such wide variations as 
Grafe’s (9) 0.15 per cent, Collens, Lerner and Fialka’s (10) 7.3 per cent, 
and Allan and Scherer’s (11) 11.7 per cent have been reported. Allan and 
Scherer estimate that of persons hypersensitive to insulin, 98 to 99 per 
cent will show a local reaction and only 1 to 2 per cent a general reaction. 
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I NSULIN allergy is the term used to denote the specifically altered, 
acquired antigenic response to insulin protein in contradistinction to 
insulin sensitivitjq which denotes an altered phj'^siologic response to the 
hormone. 

To illustrate this differentiation, Lowell ( 1 ), in extensive immunologic 
studies, presents evidence indicating the presence of two antibodies for 
crj'stalline insulin in one patient who was both allergic and resistant to 
crystallme insulin. He demonstrated the presence of a heat-labile allergic 
antibody which was capable of passive^ transferring skin sensitmtj’- and 
an insuhn-neutralizing antibody which was heat-stabile and capable of 
destrojfing the physiologic effect of cr3^stalline insulin. 

Various workers (2 a, b, c, d) have definitely established that cr3’’stalline 
insulin is a complete and soluble protein and, upon examining the insulins 
derived from the pancreases of various mammals, (ox, sheep, hog) and fish, 
have found them to be similar in microscopic appearance, isoelectric point, 
solubilit3'-, and in carbon, h3'drogen, nitrogen and sulphur content. 

A considerable number of animal and human experiments have demon- 
strated the antigenic actmt3'’ of insulin ( 3 ). Some authors (4 a, b, c) at- 
tempted to demonstrate the immunologic identit3^ of the insuhns de- 
rived from the pancreases of human beings, cattle, hogs, sheep, bison, 
and dogs. The results indicate that insuhn lacked organ and/or species- 
specific factors. However, Lewis ( 5 ) in 1937 , emplo3fing the Dale-Schultz 
uterine-strip technique, sensitized guinea pigs with beef or pork insuhn 
and tested uterine strips with homologous or heterologous insuhn and with 
beef pancreas and serum. He concluded that beef and pork insuhn are 
closel3^ related and have antigenic acth’it3'^ in common but are not com- 
pleted’^ identical, and he believes that there is a residuum of specificit3' 
in insuhn which is inherent to the species but which differs from the other 
proteins of the same species. 

Other factors have been implicated in the production of the allergic reac- 
Received for publication IMarch 19, 1949. 
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Case 2: DJG, a 24-year-old wliito bus driver, was admitted to Llines Hosj)ital on 
December 29, 1947, complaining of tender gums, ])rogrcssivc weakness, and weight loss 
of four weeks’ duration. Prior to admission, he had been given a penicillin solution as a 
mouth wash by his dentist and oral medication by liis jjhysician without I'clicf of symp- 
toms. On admission his tonsils were enlarged, the phaiynx was injected, and numerous 
small white ulcerations were seen on the buccal mucosa and gingival margins. A smear 
taken from the ulcerations showed Spirilla and fusiform bacilli. A single urine specimen 
showed 4 plus sugar and acetone. The initial blood sugar was 250 mg. per cent and the 
COo combining power was 2S vols. per cent. Twent 3 ^-four hour quantitative urinalysis 
showed 75 Gm. of sugar in 3000 cc. of urine. His diabetic acidosis was readily controlled 
with intravenous fluids, crystalline insulin, and ])rotamine zinc insulin. After five da 3 's of 
insulin thei-ap 3 ", he awoke on the morning of January 4, 194S, with extreme puffiness of 
the e 3 mlids and lips and a generalized urticaria with intense piairitus. The protamine zinc 
insulin was discontinued and maintenance theraj) 3 ^ on ciystalline zinc insulin was at- 
tempted. However, his allergic manifestations grew worse despite use of antihistaminic 
drugs. Intradermal tests with beef and pork extract and pi-otamine were negative but a 
4 plus reaction was obtained with ciystalline zinc insulin. The intracutaneous tests were 
repeated using amorphous regular insulin, ciystalline zinc insulin, PZT, and globin insulin. 
There was a positive skin reaction to all these preparations. 

On Januaiy 13 the patient was desensitized to PZI according to the rapid method 
described by Ba 3 ’’er (12), starting with 1/1000 unit intradermall 3 ’’ and doubling the dose 
ever fifteen minutes until 1 unit was reached, followed by subcutaneous injection to the 
dose required for control of symptoms. Then daily injections of PZI were given. There 
was a mild generalized urticaria on Januaiy 15, but no S 3 '-mptoms at all after this. The 
patient was discharged on Januaiy 20, taking 24 units of PZI dail 3 ^ on a 2600 calorie diet. 

He was readmitted on March 3, 1948, complaining of polyuria, pol 3 '’dipsia, pob’'- 
phagia, weakness, fatiguabilit 3 q and weight loss. He stated that since release from the 
hospital, his urine tests were negative for sugar and he had gradually decreased his 
insulin dosage, finally maintaining himself on diet alone and discontinuing insulin alto- 
gether. A few weeks later, glycosuria again appeared but on resuming insulin severe 
urticaria recurred and he was unable to take his insulin. The urine was strong^’' positive 
for sugar and acetone, blood sugar was 420 mg. per cent and CO 2 combining power was 
44 vol. per cent. He was again desensitized to PZI according to the method of Bayer and 
concurrently was given pyribenzaraine, 100 mg. four times. On this regime, occasional 
urticaria was noted for tlie first few days, which subsequentl 3 '' entire^’- disappeared. 
Protamine zinc insulin was started; subsequently crystalline zinc insulin was given twice 
dfiily as supplemental dosage, and he finally was given a 2:1 insulin mixture, which 
adequatel 3 '' controlled his diabetes. He was advised in the future to take a daib"- dose of 
insulin regardless of how well controlled his diabetes appeared to be. 

DISCUSSION 

Goldner and Ricketts (13), in 1942, stated that lapse of treatment seems 
to be important for the development of insulin allergy. They reviewed 15 
cases reported in the literature and indicated that 9 of these cases had had 
previous periods of insulin treatment with intervals lasting from a few 
months to several j^ears. They also stated that during the first course of 
treatment, the development of insulin allergy seems to be characterized 
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Thus, approximately one in a thousand will have a generalized reaction. 
ReAuews of the case reports in the literature indicate that until recent 
years, only 63 definite cases with generalized reactions have been reported. 
At the last' (1948) meeting of the American Diabetic Association in Chicago 
considerable discussion of this problem occurred with both allergists and 
diabetic specialists participating, and a plea was made that all cases of 
generalized reactions be reported in the literature so that a large enough 
series of cases could be accumulated to clarify many of the points in dis- 
cussion. 

At Hines Hospital, 2,949 diabetic patients have been admitted in the 
last eight years, '^’’e have treated just 2 cases of generalized reaction to 
insulin. 


C.A.SE REPORTS 

Case 1 : BAW,a53-year-olcl white nurse first noted gh-cosuria during a routine urinah-- 
sis in 1928. A sister was also a diabetic. She stated that her diabetes had been controlled 
by diet alone and she had never taken insulin prior to her first admission to this hospital 
on Januarj' 10, 1938. Her blood sugar on admission was 181 mg. per cent. She was placed 
on a 1700 calorie (194 Gm. CH) diet and discharged eleven days later with a fasting blood 
sugar of 142 mg. per cent and was not given insulin. She was again admitted to the hos- 
pital on Januar}* 13, 1942, because of a furunculosis of the left popliteal region. On Feb- 
ruary 12, 1942, she was started on protamine zinc insulin, 16 units every morm’ng, and on 
February IS, 1942, local pruritus was noted. On February 26, a 10 cm. reddened area at 
the site of the injected PZI was noted and the medication was changed to crj'stalline 
insulin, 16 units every morning. The difficultj' subsided and following the clearing of the 
infectious process, her insulin requirements dropped and she was discharged on April 7, 
1942, ■ndthout insulin. She was again admitted in October 1942 for treatment of injuries 
suffered in an automobile accident, and the control of her diabetes appeared adequate 
without the use of insuUn. 

She was readmitted to this hospital on January 21, 1944, because of pohuiria, poh'- 
dipsia and severe neuritic pain in the extremities. Her fasting blood sugar was 200 mg. 
per cent. Because of the previous history of urticaria follo'5\ing insulin injections, she was 
cautiousl 3 " started on crj'stalline zinc insulin, u.4-4-4 dailj', on March 9. Ten daj's later 
a diffuse erj'thematous rash was noted on the face, neck and ears and on the following 
daj' giant urticaria appeared over the same areas and on the bodj' and e.xtremities as 
well. Insulin was stopped and the urticaria subsided in two daj'S. However, her fasting 
blood sugars ranged between 275 and 375 mg. per cent and on Maj- 1 she was given a test 
dose of 2 units of crj'stalline insulin. Within one hour giant urticaria with marked pruritus 
again appeared and gradnallj' disappeared within the next few daj's. An attempt was 
then made to desensitize her to insulin. Three times dailj' she was given 1/5 unit crj'stal- 
line zinc insulin well diluted with distilled water. This dose was doubled everj' three 
daj's until she could tolerate 13 units three times dailj- -n-ithout reaction. She was dis- 
charged on June 30, 1944, taking 12-0-12 units dailj' with excellent control of her dia- 
betes. She has had two subsequent readmissions to this hospital, the last in September 
1946. Both were for the treatment of acute infections. She has been taking insulin regu- 
larly and has had no further allergic reactions. 
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ported good results in eliminating local reactions by daily oral administra- 
tion of 45 to 80 units of histaminase. 

Leavitt and Gastineau (20) advocate the mixing of 0.5 to 1.0 cc. of a 
1:1000 solution of diphenhydramine hydrochloride (benadryl) with the 
daily dose of insulin in the treatment of instances of local allergic reactions, 
reseindng oral administration of the antihistaminic drug for the severe 
generalized reactions. Klein (21) reported the. successful use of pyriben- 
zamine hydrochloride in the treatment of a severe generalized reaction. He 
observed the interesting phenomenon that his j^atient was completely 
as 3 miptomatic when given a. daily morning injection of PZI and a noon 
injection of regular insulin covered by daily oral administration of 300 mg. 
of pyribenzamine. Discontinuance of the p 3 '’ribenzamine resulted in an 
immediate recurrence of allergic S 3 unptoms. Then over a period of four 
weeks, the amount of p 3 a-ibenzamine was graduall 3 ’' reduced until none 
was being used. With each reduction, there was noted local eiythema, in- 
duration, and pruritus. Following this, the patient was as 3 ’'mptomatic for 
a month and then there was an occasional episode of local reaction which 
was controlled by a single daily dose of 25 to 50 mg. of p 3 U’ibenzamine. 

No immediatel 3 '’ fatal reactions have been reported, although several 
deaths have been attributed indirectl 3 ’' to insulin allergy. Goldner and 
Ricketts (13), in commenting upon the discouraging results of treatment, 
state that it is a rather fortunate coincidence that the diabetes in most of 
these patients is of only moderate severit 3 ’' and with some effort can be 
controlled by diet alone. Although this is a comforting statement, it must 
be remembered that in the presence of infections, usually diabetic control is 
difficult to maintain without the use of insulin and if at such times insulin 
cannot be given the patient, there may readil 3 '' be a fatal termination. As 
an example, our first patient following her desensitization had two subse- 
quent admissions, both for rather severe acute infections. If it had been 
impossible to give her insulin at these times it is probable that she would 
not have survived the infection. The relative ease with which she was 
“desensitized” and the absolute lack of symptomatology subsequently 
makes us wonder whether or not she represents a case of spontaneous de- 
sensitization as described by Harten and Walzer (6) and whether her ap- 
parent response to the method of desensitization might have been merely 
coincidental. The second patient apparently represents an example of 
true h 3 '^persensitivity to insulin protein as evidenced by the skin tests as 
well as by the fact that upon desensitization to protamine zinc insulin, it 
was also possible to supplement his PZI with crystalline insulin Avithout ini- 
tiating an allergic response. It is interesting to note that prior to desensi- 
tization no benefit was obtained from the use of antihistaminic drugs; 3 '^et, 
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by a latent period varying from seven to twenty-five days, and they feel 
that the allergic predisposition apparentlj’- needs a period of sensitization 
for its activation. 

jMany methods of therapj’’ have been advocated for the treatment of in- 
sulin allerg 3 \ The patient with mild local reactions often spontaneous^" 
desensitizes himself by simplj" persisting in the use of the kind of insuhn 
to which he is sensitive. Other factors responsible for local reactions, such 
as chemical irritants and impurities in the manufacture of commercial in- 
sulin, have largely been eliminated by improved methods of extraction and 
purification. Mild local reactions can frequently be eliminated by injecting 
the insulm deeply into the subcutaneous or intramuscular tissues so that 
none gets into the skin. Harten and Walzer (6) feel that one of the most 
effective means of eliminating both local and general reactions is to change 
the brand of the insulin to one derived from another species or to emploj" 
crystalhne insuhn. There can be no doubt that changes in the preparation 
employed maj" overcome a nonspecific etiologic factor in some cases, or 
even a specific factor, such as sensithuty to the animal which is the source 
of the insuhn. It is not likely to succeed in the presence of a true hj’per- 
sensitmtj" to the insuhn protein. 

Specific desensitization has been used bj" numerous observers in a 
variety of methods. Allan and Scherer (11), Bayer (12), and Corcoran (14) 
have described methods of rapid desensitization in efforts to build up 
tolerance to insuhn in one day. The Baj^er method consists in intracutane- 
ous injection, starting with 1/1000 unit and doubling the dose everj" 15 to 
30 minutes as rapidly as the patient will tolerate it without allergic reac- 
tion, until a dose of 1 unit is reached. Subcutaneous doses can then be 
given as tolerated. Herold (15) reported a case in which desensitization 
was carried out over a period of three months. Another method is to give 
a very small dose of insuhn one-half hour prior to the regular dose. Goldner 
and Ricketts (13) reported that in 6 out of their own 8 cases and in 11 of 
15 cases re\dewed in the hterature, these procedures were unsuccessful and 
treatment had to be discontinued because of persistence or recurrence of 
allergic sj^mptoms. Harten and Walzer (6) also point out that the loss of 
allergy to insuhn maj" occur spontaneouslj" and hence not all of the de- 
sensitizations reported in the hterature can be accepted as authentic 
examples of the direct effects of specific therapj". 

Nonspecific measures have also been advocated. Hunscheidt (16) sug- 
gested injection of calcium with the insulin. Strasser (17) administered cal- 
cium prior to the insuhn. Cohens, Lerner, and Fialka (10), and Roth and 
Rynearson (IS), reported rehef with subcutaneous injection of graduallj* 
increasing doses of histamine. Roth, Rjmearson, and Horton (19) have re- 
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during liis second course of treatment, only partial relief was obtained fol- 
lowing desensitization, with excellent additional relief following the use of 
pyribenzamine. This patient also illustrates the important fact empha- 
sized by Dr. Howard Root, that if one discovers a patient who is hA-per- 
sensitive to insulin and manages to bring this diflBculty under control, the 
patient should be advised to continue taking a small daily dose of insulin 
in order to maintain his desensitized state, even though his control appears 
adequate on diet alone. For, should the desensitization be allowed to lapse 
and the patient subsequently, for the usual variety of causes, develops 
diabetic acidosis, the one drug which would save his life, insulin, would 
not be available to him and might conceivably cause his death. We feel 
that since the advent of the antihistaminic drugs the outlook for these 
patients has immeasurably improved, since we can now combine one of 
the several methods of desensitization with the use of one of the anti- 
histaminic drugs in order to control the symptoms during the acute phase 
and permit desensitization to be established. Once established, continued 
daily use of insuhn would appear to be necessary in order to maintain the 
state of desensitization. 


SUM3MAEY 

1. The incidence of generalized allergj’’ to insulin is small. Reports in 
the literattu'e indicate that a generalized reaction develops in approxi- 
matelj’’ 1 out of every 1,000 persons using insuhn. In a large general hospital 
we have seen only 2 cases out of 2,949 admissions for the treatment of 
diabetes meUitus in the last eight years. 

2. The importance is emphasized of attempting to desensitize such 
patients rather than relying on dietarj"- control of the diabetes, since sub- 
sequent development of diabetic acidosis in the patient who is allergic to 
insulin maj’’ deprive him of the one therapeutic agent which coidd save his 
life. 

3. The advent of antihistaminic drugs enables the physician to control 
more readib’’ the patient’s s 3 Tnptoras during the process of desensitization. 

4. The importance of continued daiH administration of insulin to pre- 
vent a lapse in the desensitized state is emphasized. 
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CASE REPORT 

M. E. (HH 4-188), a 27-yeiii-old, white female was admitted to the hospital June 2, 
1947, because of pain in the right lower quadrant of the abdomen and a weight loss of 
40 pounds during tlie past six months. She was known to be about two and one-half 
months pregnant, her last menstrual period ha\dng occurred March 10, 1947. She had 
no sjunploms of tliju'oid disease until one 5 mar before admission, when excessive nervous- 
ness and gross tremor of the hands was noted. There was a 40-pound weight loss fl65 to 
125 pounds) in spite of a good appetite. She alwaj'S felt warm and used fewer covers than 
her husband. 

Her past histor 5 ^ revealed choi'ea at the age of 14, when she was hospitalized for three 
months. She was never told of any heart involvement at that time nor during the course 
of four pregnancies. Her menses were regular, occurring every twenty-eight to thirty days. 
She had four children; three were full term and one jjremature. All were living and well. 
Fainilj'- history revealed that her mother had a goiter removed. 

Physical examination: Pertinent ph 3 '^sical findings revealed an excessively nervous, 
white female with marked psychomotor activity. Her temperature was 9S.6 F., pulse 120, 
respirations 25, and B.P. 150/80. The skin was wai-m without an}’- unusual pei’spiration. 
The e 3 ’es had a staring appeai-ance with Avide palpebral margins. The th 3 ’roid was dif- 
fusely enlarged Avith a marked thrill and bruit OA'^er both lobes. E.xamination of the heart 
revealed sinus tachycardia; no thrills or murmurs Avere present. There AA’as mild tender- 
ness in the right loAver quadrant of the abdomen. Pelvic examination reA’ealed a corpus 
enlarged to about a three-months pregnane}'-, AA’ith tenderness over the right adnexa.' 
hlarked tremor on extension of the fingers AA’as noted. 

Laboratory data: The hemogram shoAA'ed red cells, 5,500,000; hemoglobin 14Gm.;and 
white blood count 5,600, with a normal differential. The urine Avas normal, the serum 
cholesterol level AA’as 179 mg. per cent, the B.M.R. AA’as plus 70 per cent and the blood 
Kahn was negative. X-ray examination shoAved a normal chest. 

Diagnosis: Diffuse thyroid h 3 ’perplasia AA’ith thyrotoxicosis and pregnane}’. 

The patient refused to remain in the hospital for further care and AA’as discharged 
June 7, 1947, to be folloAA’ed in the outpatient clinic. She AA’as told to take thiouracil, 0.2- 
Gni. three times daily. Blood counts Avere done at each AA’eekly A’isit and at no time did 
the Avhite count fall below 4,800. The differential count AA’as alAA’ays Avithin normal limits. 

On July 17, 1947, her pulse AA’as 116, and her medication was changed to 50 mg. of 
propylthiouracil three times daily. On August 15, 1947, her B.M.R. was plus 50 per cent 
and the electrocardiogram revealed a sinus tachycardia of 110. She AA’as again seen No- 
vember 28, 1947 (three days before deliA’ery) and her pulse Avas 96, B.P. 145/80, and 
Aveight 156 pounds. The same dosage of propylthiouracil AA’as continued. On December 1, 
1947, spontaneous labor occurred and she was deliA’eredof a normal, full-term, baby girl 
at another hosintal. The delivery and puerperium AA’ere’ uneA’entful. The child was im- 
mediately giA’en out for adoption according to a prearranged plan. The foster parents 
Avere made known to the writer, and the child has been folloAA’ed for a period of sixteen 
months. During this interA’al the child has dcA’cIoped normally and presents no CA’idence 
of a hypothyroid state. 

DISCUSSION 

The normal birth and subsequent observation of a normally developing 
child for a sixteen-month period is in accord Avith the few previous reports 
of the administration of antithyroid drugs in pregnancy complicated by 
b}’ hyperth 3 ’roidism (4, 5, 6, 7). 
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S. Chapman, E. M.; Corner, G, W.; RobIxNSOn, D, and Evans, R. D.: The collection 
of radioactive iodine by the human fetal thyroid, J . Clin. Endocrinol. 8: 717-720 
(Sept.) 1948. 

9, Frisk, A. Rune, and Josefsson, E.: Thiouracil derivatives in pregnancy, Ada med. 
Scandinav. (supp. 196) 128: 85-91, 1947. 

ADDENDUM 

Postpartum Course of Patient 

The patient was next seen in the clinic on January 30, 1948. The nervousness and 
tremor had increased, even though she continued to take 50 mg. of propjdthiouracil 
three times daily. She weighed 139 pounds, her pulse was regular with a rate of 120, and 


Table 1. Resume of clinical course of patient follomung 
second discharge from hospital 


Date 

Weight 

(pounds) 

Pulse 

WBC* 

Propjd- 
thiouracil (mg.) 

Remarks 

5-21-48 

152 

84 

6400 

100 4 times daily 

Bruit and thrill over left 






lobe. Lugol’s solution, 5 
drops 3 times dailjL 

6 -4-48 

151 


9900 

100 4 times daily 


6-25-48 

144 

115 


100 4 times daily 

Bruit and thrill over both 






lobes. 

7- 9-48 

147 


6800 

100 4 times daity 

Nervousness increasing. 

8- 6-48 

138 

115 

5800 

100 5 times daily 


8-20-48 

139 

100 

4100 

100 5 times dailj’’ 

Still taking Lugol’s solution, 






5 drops 3 times dailj' 

9-10-48 

138 

104 

4600 


Still toxic. 

9-17-48 

141 

128 



Bruit and thrill over left 






lobe. 

9-24-48 

140 

132 


200 3 times dailj' 

Serum cholesterol, 189 mg. 






per cent. 

10- 1-48 



4200 

200 3 times daily 

B.M.R. plus 95 per cent. 

10-22-48 

141 

116 

4800 

200 3 times daily 

Protein-bound blood iodine 






13.3 micrograms per cent 
(normal, 5 to 7). 

11- 5-48 

140 

116 

5100 

100 '3 times daily 

Bruit and thrill subsiding. 

11-12-48 

142 

112 


100 3 times daily 


11-26-48 

142 

110 


100 3 times daily 

Nervousness subsiding. 

1- 7-49 

135 

120 


100 4 times dailj' 


1-25-49 



5100 

100 4 times daily 

B.M.R. plus 100 per cent. 

2-18-49 

138 

115 


100 4 times daily 

Thj'i’oid twice normal size. 


* Differential always normal. 
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The coniparativelj’’ long follow-up in this case shoAvs that the child has 
a normall}' functioning thyroid and that neither thiouracil nor propjd- 
thiouracil altered the embryonic development and postnatal function of 
the gland. This fact can be established only by long term follow-up of 
such cases. 

Chapman el al. (8) demonstrated that the fetal th 3 Toid starts to take 
up radioactive iodine and probablj"^ begins to function bj' the fourteenth 
week. It maj' then be argued that in this case the antithjToid dimg was 
not given until about the fourteenth week, when the fetal gland was al- 
ready' developed and beginning to function. Hence, the drug could not 
alter the embrjmnic development of the gland, but could mereh^ suppress 
its in-utero function. Williams (4) has reported several cases in which the 
mother was treated before and during the entire pregnanej-- with thioiu-acil, 
without anj’- harmful effect on the child. This observation supports the 
contention that the danger of these drugs to the fetus hes in suppression 
of the thjToid in-utero rather than in altering the embryonic development 
of the gland. The danger to the fetus appears to be from overdosage of 
the mother, resulting in the production of a h^Troth^Toid state with in- 
sufficient thjToid hormone (maternal and fetal) to take care of the in-utero 
requirements (1). 

Rune Frisk and Josefsson (9) reported a case of agitation, exophthalmos 
and low blood cholesterol in a child born of a hj-perthjToid mother treated 
with methjdthiouracil. This was attributed to an overactive anterior pitui- 
tai'}’’, caused b}’- suppression of the fetal thjToid hormone bj’- the drug. 
Although this was not proven, it suggests another possible danger in the 
use of these drugs during pregnanej*. 

sxnuiiAKT 

A case of thjTotoxicosis complicating pregnanej^ treated with thiomacil 
and propjdthiouracil is reported. The child was followed for sixteen months 
and developed normallj^ shoving no ill effects from the drug. The potential 
hazards of the goitrogens to the fetus is discussed. 
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groups and, since osteitis deformans is a disease of middle and old age, 
studies using these tests must be compared to control series of normal sub- 
jects from similar age groups'. 

In other unpublished experiments, however, the influence of elevated 
serum alkaline phosphatase on carbohydrate metabolism in dogs was 
studied. The intravenous injection of a potent phosphatase solution pre- 
pared from intestinal mucosa produced serum alkaline phosphatase levels 
varying from 37 to 180 Bodansky units per 100 cc. with a gradual fall to 
normal levels in from one and one-half to three hours. Both oral and intra- 
venous glucose tolerance tests performed during such a period of experi- 
mental hyperphosphatasemia were grossly elevated and prolonged as 
compared to control tests prior to the injection of phosphatase. The results 
of a typical experiment are as follows: 


Control glucose tolerance test — 0.5 mg. glucose per kilo 
intravenously in an S-kilogram male dog. 


Minutes 

0 

15 

30 

60 

75 90 . 

Blood sugar (mg. per 100 cc.) 

92 

145 

106 

8S 

S3 90 

Serum alkaline phosphatase (Bodansky 

units per 100 cc.) 

9.6 

— 

— 

— 




Repeat glucose tolerance test after the intravenous injection of 
8 cc. of phosphatase solution (800 Bodansky units per cc.) 


Minutes 

0 

15 

30 

60 

75 90 

Blood sugar (mg. per 100 cc.) 

93 

32S 

234 

168 

137 — 

Serum alkaline phosphatase (Bodansky 






units per 100 cc.) 

S.O 

91.4 

73.9 

24.1 

17.5 — 


The discrepancy between the clinical and experimental results remains 
unexplained. In several of our patients serum alkaline phosphatase levels 
were as high as those produced experimentally in dogs. 

This brief presentation of our findings in Paget’s disease does not, of 
course, alter the significance of the symptomatic response described by 
Moehlig and it is our purpose to investigate its effect in our own patients. 

Norman G. Schneeberg, M.D. 
June 22, 1949. 

19S0 Chestnut Street, 

Philadelphia S, Pa. 
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her B.P. was 145/SO. The serum cholesterol was 200 mg. per cent, and the B.M.R. plus 
44 per cent. Propjdthiouracil was increased to 50 mg. four times dailj'. On Alarch 
19, 194S, she weighed 130 pounds, her pulse was 120, and her B.P. 145/SO. The same 
dosage of the drug was continued. 

(Second adniission) The patient re-entered the hospital April 20, 194S because of 
pain in the chest, back, and shoulders. On the daj- before, she had been seen in the 
admitting room because of the above complaints. E.vamination revealed auricular fibiil- 
lation mtli a rate of 120 and a pulse deficit. Hospitalization was ad\-ised,'but she refused. 
Digito.vin was prescribed bj' the admitting room phj’sician. She returned the ne.vt da}' 
because the chest pain became more severe after taking a total of 0.6 mg. of digitoxin. 

Physical examviaiion revealed her to be ver}- apprehensive, and perspiring with a 
normal temperature and respiratory rate of 2S. The staring of the eyes and widened 
palpebral margins were unchanged from the previous admission. The thyroid was dif- 
fusely enlarged with a loud bruit and thrill over both lobes. Examination of the heart 
revealed the apical impulse to be in the fifth interspace on the anterior axillarj' line. 
There was auricular fibrillation with a rate of 140 and an irregular pulse of 110. No 
thrills or murmurs were present; her B.P. was 140/SO. 

The hemogram was normal and the serum cholesterol level was 200 mg. per cent. An 
electrocardiogram revealed a flutter fibrillation with a rate of 140 and a left ventricular 
strain patter. 

The patient was quieted with a sedative and given quinidine and 100 mg. of prop}'!- 
tbiouracil three times daily. Conversion to a sinus rhythm occurred the following night. 
On the morning following conversion, an electrocardiogram showed a sinus rhythm of 100 
and left ventricular strain. On April 23, 1948, the prop 5 ’lthiouracil was increased to 100 
mg. four times daily. Her pulse varied between 80 and 100. Surgery was adnsed but she 
refused. She was discharged on Maj' 11, 1948, taking 100 mg. of propjdthiouracil four 
times daily and Lugol’s solution, 5 drops three times dail}'. She was followed in the out- 
patient clinic. A r^sum6 of her clinical course from the time of discharge to the present, 
is shown in Table 1. She has continued to take 400 mg. of propjdthiouracil dailj' until the 
present time but the disease is still not under complete control. 

Letter to the Editor 

GLUCOSE TOLERANCE IN OSTEITIS DEFORMANS 

To THE Editor: 

T he April 1949 issue of the Journal contains a letter by Dr. Robert C. 

IMoehlig of Detroit advocating the administration of insulin for the 
relief of pain in patients with osteitis deformans. The rationale of this 
therapy was based on the finding of lowered sugar tolerance in the majority 
of patients w'ith Paget’s disease of bone. 

We have investigated glucose tolerance in 11 patients with osteitis 
deformans by both the oral and intravenous tests and have failed to find 
any significant statistical difference between their glucose tolerance curves 
and those obtained from a control series of patients over 50 years of age. 
Both oral and intravenous glucose tolerance is depressed in older age 



Tlie 1950 Awards of tlie Associa- 
tion for the Study of Internal 

Secretions 


FELLOWSHIPS 

The Ayerst, McKenna and Harrison Fellowship 

The Ayerst, McKenna and Harrison Fellowship was first awarded in 
1947 to Dr. Samuel Dvoskin and in 1948 to Dr, Ernest M, Brown, Jr. Dr, 
Brown was re-elected for the Fellowship in 1949. 

The Schering Fellowship in Endocrinology 

The Schering FelloM^ship in Endocrinology was established in 1949 and 
the first recipient was Dr. D. Lawrence Wilson. 

Association Fellowships are designed to assist men or women of excep- 
tional promise in their progress toward a scientific career in endocrinology. 
Fellowships may be awarded to an individual who possesses the Ph.D or 
M.D. degree or to a candidate for either of these degrees. The stipend, 
which will not exceed $2,500, may be divided into two Fellowships in vary- 
ing amounts in accordance with the qualifications of the appointee. The 
Committee will, in reviewing the proposed program of studj'-, consider the 
amount of time which the Fellow intends to spend in course work and/ or 
teaching. He must present evidence of scientific ability as attested by 
studies completed or in progress and/or the recommendation of respon- 
sible individuals. He must submit a program of proposed study, indi- 
cate one or more institutions where the proposed program will be fol- 
lowed, and submit statements of approval from the investigators with 
whom he proposes to conduct his research. He must serve full time if 
awarded a Fellowship. A small amount of time (10 to 15 per cent) may be 
allotted for course work or for participation in teaching, the latter purel}^ 
on a voluntary basis. 

AWARDS 

The E. R, Squibb and Sons Award 

The E. R. Squibb & Sons Award of $1,000 was established in 1939, and 
was given first in 1940 to Dr. George W. Corner; in 1941 to Dr. Philip E. 
Smith; in 1942 to Dr. Fred C. Koch; in 1944 to Dr. E. A. Doisy;in 1945 
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The Association for the Study of 
Internal Secretions 
Request for Biographical Data for 
New Roster 

The membership roll of the Association is being revised in preparation 
for the issuance of a new Roster as of December 31, 1949. Copy for this mtist 
be in the hands of the printer not later than October 1, 1949. 

Return postal cai’ds are being mailed to members requesting the follow- 
ing information: 


Name Degrees 

Mailing Address 


Teaching or Research Position: 


If in active practice of medicine, specialty: 


Alembers are urged to complete and return the card immediateb' and to 
keep the Secretarj’^ informed at all times of an}”- change in the above. 

Henry H. Turner, AI.D. 

Se cret ar 3 ^-T reasurer 
1200 North "Walker Street 
Oklahoma Citj^ 3, Oklahoma 

The 1950 Meeting of the Association 
for the Study of Internal Secretions 


The next Annual ^Meeting of the Association will be held in San Fran- 
cisco, June 23 and 24, 1950. The hotel in which we shall meet has not 3 'et 
been determined because of the uncertaint 3 ’- of AjMA commitments, but it 
will be announced in an earty issue of the Journal. ^Members are urged to 
make their hotel reservations as soon as possible. 
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Tte 1950 Meeting of the American 
Goiter Association 

The next meeting of the American Goiter Association will be held at 
the Hotel Shamrock, Houston, Texas, March 9, 10, and 11, 1950. It is 
recommended that all physicians wishing to attend make their hotel 
reservations earl 3 ^ 


Award of tlie American Goiter 

Association 

VAN METER PRIZE 

The American Goiter Association again offers the Van Meter Prize 
Award of three hundred dollars and two Honorable Mentions for the 
best essays submitted concerning original work on problems related to the 
thyroid gland. The Award will be made at the annual meeting of the 
Association which will be held in Houston, Texas, March 9, 10 and 11, 
1950, providing essays of sufficient merit are presented in competition. 

The competing essays may cover either clinical or research investiga- 
tions, should not exceed three thousand words in length, and must be 
presented in English. A typewritten double spaced copy in duplicate 
should be sent to the Corresponding Secretary, Dr. George C. Shivers, 
100 East St. Vrain Street, Colorado Springs, Colorado, not later than 
January 15, 1950. The Committee, who will review the manuscripts, is 
composed of men well quahfied to judge the merits of the competing es- 
says. 

A place will be reserved on the program of the annual meeting for 
presentation of the Prize Award essay by the author, if it is possible for 
him to attend. The essay will be published in the annual Transactions of 
the Association. 
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to Dr. E. C. Kendall; in 1946 to Dr. Carl G. Hartman; in 1947 to Drs. 
Carl F. and Gerty T. Cori; in 1948 to Dr. FuUer AlbrigM; and in 1949 to 
Dr. Herbert M. Evans. In 1943 no award was given. A special committee 
of five members of tbe Association selects the recipient from among in- 
vestigators in the United States or Canada, on the basis of outstanding 
contributions to endocrinology'. 

The Ciba Award 

The Ciba Award to recognize the meritorious accompUshment of an 
investigator not more than 35 years of age in the field of cUnical or pre- 
clinical endocrinology^ was established in 1942, but no recipient was selected 
in 1942 or 1943. In 1944 the award was presented to Dr. E. B. Astwood; 
in 1945 to Dr. Jane A. Russell; in 1946 to Dr. jMartin M. Hoffman; in 1947 
to Dr. Choh Hao Li; in 1948 to Dr. Carl Heller; and in 1949 to Dr. George 
Sayers. The Award is for §1,200. If within twenty^-four months of the date 
of the Award, the recipient should choose to use it toward further study' in 
a laboratory’’ other than that in which he is at present working, it will be 
increased to 81,800. 

* * * :!: 

NOMINATIONS 

Each member has the prh’ilege of making one nomination for each Fel- 
lowship or Award. A nomination should be accompanied by' a statement of 
the importance of the nominee’s contributions to, or interest in endocrin- 
ology’ and by a bibhography’ of the nominee’s most important pubUcations, 
with reprints if possible. The nominations should be made on special 
application forms which may be obtained from the Secretary, Dr. Henry’ H. 
Turner, 1200 North Walker Street, Oklahoma City’, Oklahoma, and re- 
turned to him not later than March 15, 1950. 
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of every guinea pig were made from three days prior to thyroidectomy 
through the period of injection and again fifteen minutes post mortem. 
For the purpose of measuring this distance a new instrument was devised 
which has certain advantages over those previously described in that it is 
very simple to operate, requires no special placing or bright lighting of the 
subject animal and is accurate to 0.1 mm. It consists essentially of two 
pairs of calipers in the form of steel rods, 2 mm. in diameter and pointed 



Fig. 1. Instrument for measuring intercorneal distance (ICD) in animals. 


at the ends, with a rack and pinion adjustment and a vernier scale (Fig. 1). 
The calipers are arranged so that one pair is situated above the other, 
the upper set being more widely spaced than the lower, but bent at right 
angles near the tips so that their points directly overlie the points of the 
lower set opposite the respective zero points on the vernier scale. By having 
two fixed points in a vertical line on the instrument to line up with each 
of the animal’s lateral corneal surfaces an accurate vertical alignment is 
assured on every measurement without the necessity of the pointers touch- 
ing or being held very close to the eyes. The lower pointers are usually 
held 1 or 2 cm. above the lateral corneal surfaces with which they are 
being aligned. Such an instrument not only can measure accurately to 0.1 
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Table 1. The Effect of Vahious Dosages of Pituitary Extract upon the 
Production of Exophthalmos and the Mobilization of Fat 
IN Intact and Thyroidectomizbd Guinea Pigs. 





Body 

weight 

in 

grams** 

Liver 

fat 

(hist- 

ory) 

Ante-mortem ICD 
changes (mm.)t 

Post-mortem ICD 
. changes (mra.)t 

GP 

No. 


Injection* 

Meas. 

Timet 

(hours) 

Cor- 

rection 

for 

body 

weight 

Cor- 

rected 

Meas. 

Cor- 

rection 

for 

body 

weight 

Cor- 

rected 

1 

Thyroid- 

ectomized 

2 cc. normal saline 

265 

0 

4-0.7 

48 

-0.6 

4-0.1 

-0.3 

-0.6 

-0.9 

2 

ThsToid- 

ectomized 

2 CO. normal saline 

232 

0 

4-0.6 

24 

-0.3 

4-0.3 

-0.3 

-0.5 

-0.8 

3 

Thyroid- 

ectomized 

Pit. ext. =50 u TSH 

280 

2-t- 

+2.0 

48 



4-1.0 

4-0.2 

4-1.2 

4 

Thyroid- 

ectomized 

Pit. ext. =25 u TSH 

285 

2-1- 

4-2.8 

24 

-0.2 

4-2.6 

4-2.0 

0 

4-2.0 

5 

Thyroid- 

ectomized 

Pit. ext. =25 u TSH 

265 

2-f 

4-1.3 

48 

4-0.1 

4-1.4 

4-1.1 

4-0.1 

4-1.2 

6 

Thyroid- 

eotomized 

Pit. ext. =10 u TSH 

305 

2-1- 

4-2.6 

24 

4-0.2 

4-2.8 

4-0.6 

4-0.1 

4-0.7 

7 

Thyroid- 

eotomiied 

Pit. ext. =10u TSH 

285 

34- 

4-2.5 

24 

0 

4-2.5 

4-1.4 

+0.2 

4-1.6 

8 

Thyroid- 

ectomized 

Pit. ext. = 5uTSH 

283 

34- 

4-2.0 

24 

-0.6 

4-1.4 

4-0.6 

0 

4-0.6 

9 

Thyroid- 

ectomized 

Pit. ext. = SuTSH 

296 

44- 

+1.7 

24 

-0.2 

4-1.5 

4-0.1 


4-0.2 

10 

Thyroid- 

ectomized 

Pit. ext. = 1 u TSH 

268 

14- 

4-0.5 

48 

-0.2 

4-0.3 

-0.4 

-0.2 

-0.6 

11 

(Thyroid- 

ectomized 

Pit. ext. = luTSH 

273 

14- 

4-0.6 

24 

-0.6 

0 

-0.2 

-0.6 

-0.8 

12 

Intact 

2 cc. normal saline 

258 

0 

-0.2 

24 

-0.3 

-0.5 



-2.1 

13 

Intact 

2 cc. normal saline 

240 

0 

4-0.3 

48 

-0.7 

-0.4 

■H 

BB 

-1.8 

14 

Intact 

Pit.e.xt. =50 u TSH 

238 

24- 

4-1.8 

24 

0 

4-1.8 

4-0.7 

4-0.5 

4-1.2 

15 

Intact 

Pit.c.xt.=50uTSH 

287 

34- 

4-2.7 

24 

0 

4-2.7 

4-1.0 

4-0.5 

4-1.5 

16 

Intact 

Pit. ext. =25 u TSH 

253 

44- 

4-2.9 

24 

-0.1 

4-2.8 

4-1.7 

4-0.4 

4-2.1 

17 

Intact 

Pit. ext. =25 u TSH 

222 

34- 

4-0.6 

48 

4-0.6 

4-1.2 

-0.8 

4-0.6 

-0.2 

18 

Intact 

Pit. ext. =10 u TSH 

239 

34- 

4-1.8 

24 



-0.1 

4-0.2 

4-0.1 

19 

Intact 

Pit.c.xt.=10uTSH 

195 

24- 

4-2.9 

48 



4-0.2 

4-0.2 

4-0,4 

20 

Intact 

Pit. ext. = SuTSH 

240 

34- 

4-1,5 

24 

0 

4-1.5 


4-0.3 

4-0.5 

21 

Intact 

Pit. ext. = SuTSH 

265 

44- 

4-0,9 

48 

4-0.2 

4-1.1 

iffl 

4-0.2 

-1.2 

22 

Intact 

Pit. ext. = In TSH 

247 

0 

4-0.5 

48 

-0.3 

4-0.2 

-1.0 

-0.3 

BH 

23 

Intact 

Pit. ext. = 1 u TSH 

227 


4-0.7 

48 

-0.4 

4-0.3 

-1.0 

-0.4 

ED 


♦ Animals received 2 daily subcutaneous injections of the doses indicated, and were sacrificed on the third day. 
*♦ .At the time of tlie first injection. 

t Time after first injection at which intereorncal distance (ICD) measurement was greatest (hours). 
i .As comp.ared with pre-injection measurements. 
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in animal 5^19, one which showed only 2+ fat in the liver. Nevertheless, 
every animal which showed exophthalmic effect in this experiment also 
showed some degree of increased fat infiltration and neither effect was 
present at the 1-unit dosage. 

A comparison of the exophthalmic effects persisting post mortem reveals 
essentially the same correlation and confirms the findings observed during 
life. Both saline-injected and pituitary-injected guinea pigs experienced a 
decrease in intercorneal distance fifteen minutes post mortem as compared 
with measurements made just prior to death, but a comparison of post- 


Tablb 2. The Effect of Doses of Pituitary Extract Containing between 
1 AND 5 Units of Thyrotropic Activity upon the Production 
of Exophthalmos and Fat Deposition in the Liver, 

IN Intact Guinea Pigs. 


GP 

No. 

Injection* 

Body 

weight 

in 

grams** 

Liver 

fat 

(hist- 

ory) 

Ante-mortem ICD 
changes (mm.)t 

Post-mortem ICD 
changes (mm.)t 

Meas. 

Timet 

(hours) 

Correc- 
tion for 
body 
weight 

Cor- 

rected 

Meas. 

Cor- 
rected for 
body 
weight 

Cor- 

rected 

24 

Pit. e.xt. =5 u TSH 

208 

2-f- 

-i-1.6 

24 

TO 

+1.4 

-fO.2 

-to.i 

-tO.3 

25 

Pit. ext. =5 u TSH 

194 

2-1- 

-t-2.3 

24 


+2.2 

0 

-to. 3 

-to. 3 

26 

Pit. ext. =4 u TSH 

223 

3-t- 

-t-2.1 

24 

-0.2 

+1.0 

-to. 3 

-to . 2 

-to. 5 

27 

Pit. ext. =4 u TSH 

176 

1-t- 

-i-0.9 

24 

-0.2 

-to. 7 

— O.o 

0 

-0.5 

28 

1 

Pit. ext. =3 u TSH 

175 

1-t- 

-fl.8 

24 

-0.3 

-1-1.6 

-0.5 

-to.i 

-0.4 

29 

Pit. ext. =3 u TSH 

222 

2-1- 

-t-1.1 

24 

0 

-fl.l 

0 

-to . 2 

-to . 2 

— 

Pit. ext. =2 u TSH 

234 

2-t- 

-t-0.6 

24 

-0.2 

+0.4 


0 

-0.8 

■1 

Pit. ext. =2 u TSH 

215 

1 

2-t- 

-fO.2 

24 

-fO.l 

+0.3 

bh 

-to.i 

-to. 3 

32 

Pit. ext. =1 u TSH 

1 201 

0 

-1-0.8 

48 

0 

11 

0 

0 

0 

33 

Pit. ext. =1 u TSH 

! 243 

0 

-PO.l 

48 

-hO.l 

ID 

-0.6 

-to.i 

-0.5 


* Animals received 2 daily subcutaneous injections of the doses indicated, and were sacrificed on the third day. 

** At the time of the first injection. 

t Time alter first injection at which intercorneal distance (ICD) measurement was greatest (hours). 

t As compared with pre-injection measurements. 

mortem readings with pre-injection measurements indicated whether ex- 
ophthalmos persisted after death. 

It will be noted that guinea pigs #17 and #21 did not show persistence 
of exophthalmos post mortem to a significant degree and these two animals 
also exliibited a comparatively small exophthalmic effect during life, but 
their livers showed 3-t- and 4-f- fat respectively. Hence they strengthen 
the impression that the degree of fat deposition in the liver following pitui- 
tary injections is not necessarily correlated with the degree of exophthal- 
mos produced. 

The second portion of this study was undertaken in order to determine 
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at what dose between the levels of 5 and 1 units of TSH the exophthalmic 
and fat-mobilizing effects disappeared. The results are presented in Table 2. 

It may be seen that histologically demonstrable fatty infiltration of the 
liver was present with a dosage as low as 2 units, but none occurred at the 
1-unit level. Definite exophthalmic effect, however, was not e^ddent below 
the 3-unit level. The proptosis produced with these smaller doses of pitui- 
tarj"- extract was more transient than that produced with larger amounts, 
reaching a maximum twenty-four hours after the first injection and show- 
ing considerable decline at the forty-eight hour measurement. This prob- 
ably accounts for the finding that post-mortem readings failed'to show a 
consistent correlation with the ante-mortem exophthalmic effect, since 
exophthalmos was subsiding rather rapidlj”- by the time the animals were 
sacrificed. 

It will be noted that the response of animals #27 and #28 was different 
from that of the other animals in their respective groups. The 3 '^ both showed 
shght exophthalmos at the 24-hour measurement, but this subsided rather 
rapidly so that there was no persistence post mortem, and there was no 
significant increa,se in fat in their livers. This behavior may have been 
related to the fact that both of these guinea pigs were considerably under- 
weight as compared with the other animals in this experiment at the time 
injections were started. 


DISCUSSION 

Although the number of animals studied at each dosage level was small, 
the results were sufficientlj'- clear cut to be informative. Not onlj'- did th 3 '-- 
roidectomy fail to enhance the production of exophthalmos or the histo- 
logically demonstrable mobihzation of fat to the fiver which occurs within 
fort 3 ’--eight hours follovdng pituitar 3 ’^ injections in young guinea pigs, but 
there was no apparent correlation between the degree of exophthalmos and 
the degree of fatty infiltration of the fivers. Nevertheless, the smallest 
doses of extract which produced detectable effects with regard to these two 
phenomena were quite close. Hence, although this stud 3 ^ indicates that the 
degree of exophthalmos is not dependent upon the degree of fat mobiliza- 
tion, it does not prove that these two effects are unrelated. 

The failure of th 3 uoidectomy to affect the exophthalmos ma 3 " have been 
related to the fact that these guinea pigs did not lose weight during the 
48-hour period following pituitar 3 ’^ injections. In this respect it is interesting 
to note that the onl 3 ’’ animal which showed considerable weight loss during 
the period of injection was the one which showed the smallest degree of 
exophthalmos when injected with a dail 3 ’^ dose containing 10 or more units 
of TSH. The results of this stud 3 '^ are therefore not incompatible with those 
of Pochin (12), who reported that the enhancing effect of th 3 T'oidectom 3 ' 
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side earlier. In Figure 2 the changes in intercorneal distance have been 
charted graphically for the sake of comparison. 

It appears, therefore, that iodination at pH 4.2 produced over 95 per 
cent inactivation of the thyrotropic principle, but demonstrable exophthal- 
mic and fat-mobilizing effects persisted. Furthermore, gonadotropic ac- 



Fig. 2. A comparison of the exophthalmic effects of untreated pituitary extract, of 
iodinated pituitary extract (at pH 4.2) and of the iodinated extract after treatment with 
thiouracil in intact young guinea pigs. Each preparation was administered in two daily 
doses which originally contained 10 units of thyrotropic activity in the untreated state. 
The number of animals studied in each group is indicated under the type of treatment. 
The horizontal line through each column represents the mean, and the column itself, 
the range between the maximum and minimum effects. 


tivity, as determined by chick testis weights, was partially decreased by 
such iodination. Injection of dilute LugoFs solution and pituitary extract 
at separate subcutaneous sites into both chicks and guinea pigs resulted in 
no impairment of thyrotropic, exophthalmic, or fat-mobilizing effects dur- 
ing the time required by the respective assays. 

Treatment of the iodinated extract with thiouracil resulted in partial 
restoration of the thyrotropic activity, and probably also of exophthalmic 
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mals injected with extract #1 and 16 injected mth extract #2 in quantities 
containing 10 units of thju'otropic actmty, daily for two days. Statistical 
analyses of the increases in proptosis, using the “student” formula, indicate 
a high degree of significance for the exophthalmos produced ante mortem 
the iodinated as well as the untreated and the thiouracil-treated extract 
in comparison with the controls.® The post-mortem measurements revealed 
a considerable decrease of intercorneal distance from the maximum ante- 
mortem reading in all animals as had been noted in the pre^’ious study (7) 
but when the post-mortem measurements were compared with the pre- 

T.\ble 2. The Effects of Iodixatiox tjpox the Exophthalmic and Fat-Mobilizing 
Properties of Pituitary Extract in Intact Guinea Pigs. 


Groups 

No. 

of 

animals 

Li\*er 

fat 

(histol’y) 

Maxi- 

mum 

inc. in 
ICD 

Mini- 

mum 

inc. in 
ICD 
(min.)t 

iMean 

Standard 

deviation 

Value 
of pt 

Anfc mortem: 






Hi 


2 cc normal saline 

25 


+1.1 

-0.9 

+0.06 



Pit-ext. fl = 10 u TSH 

15 


4-3.5 

4-1.4 

42.3 


<0.001 

lodo-Pit-ext. H** 

4 


4-2 .2' 

40.9 

+1.2S 

0.61 

<0.001 

lodo-Pit-eit. -l-Thiouracil** 

2 


-f-1.9 

4-1. '5 

+1.7 

msm 

<0.001 

Pit-eit. #2 = 10 u TSH 

16 


42.5 

4-1.2 

+2.0 


<0.001 

lodo-Pit-eit. f2** 

4 


4-1.5 

4-0.9 

+1.15 

0.48 

<0.001 

lodo-Pit-ert. ^2 -bThiouracil** 

4 


4-1.7 

+1.4 

+1.55 

0.11 

<0.001 

Post mortem: 








2 cc normal saline 

19 

0 -1-f* 

-0.3 

-2.6 

-1.2 

0.67 


Pit.ext. fl =10 u TSH 

13 

34-4+ 

4-1.6 

40.1 

40.75 

0.44 

<0.001 

lodo-Pit-ext. fl 

4 

0 -2-i-§ 

40.1 

-1.1 

-0.62 

0.52 

<0.2 >0.1 

lodo-Pit-ert. *1 + Thiouracil 

2 

24-3 + 

40.3 

-0.1 

+0.1 

0.28 

<0.02 >0.01 

Pit-ext. #2 =10 u TSH 

14 

34-^4- 

4-1.4 

-0.3 

+0.54 

0.54 

<0.001 

lodo-Pit-ext. «2 

4 

34- 

-0.1 

-1.0 

-0.43 

0.4 

<0.05>0.02 

lodo-Pit-eit. #2 -bThiouracil 

4 

44- 

40.4 

-0.3 

+0.0S 

0.3 

<0.001 


* Indicated doses were administered subcutaneously for two days and the animals sacrificed on the third day. 
** These preparations were administered in daily amounts which bad originally contained 10 units of TSH. 
t As compared ^dth pre-injection measurements and corrected for changes in body weight, 
t Values less than 0.01 are of statistical significance. 

§ One animal’s liver showed no fat, the other three, 2+. 


injection readings the differences between the pitnitar 3 ’--treated and the 
control gmnea pigs became eAudent. These post-mortem differences were 
great enough to be of statistical significance in the groups injected with un- 
treated extract, but not in those which receh^ed the iodinated preparations, 
possibly due to the fact that milder degrees of exophthalmos tend to sub- 

’ Since the preparation of this table, the exophthalmic effect of iodinated extract has 
been studied in 16 more guinea pigs, making a total of 24 animals in this group. Statis- 
tical analysis of the entire group reveals an even greater degree of significance of the 
exophthalmos produced, the value of t for the entire group being 7.316 as compared 
with 4.26 and 4.07, respectively, for the two groups of 4 animals which received iodinated 
extract listed in the table above. 
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Thus, if thyrotropic activity were responsible for the exophthalmic and 
fat-mobilizing effects, and if it were present in sufficient quantities in the 
iodinated extract on the first day or two following iodination, but not 
thereafter, Groups 1 and 2 of the guinea pigs should show exophthalmos 
and fatty livers, but Groups 3 and 4 should not. In addition, the average 
thyroid weight of the chicks in Group D would not be expected to be any 
greater than that of those in Group C. 

The guinea pigs of Groups 3 and 4 did show definite exophthalmos and 
fatty livers comparable to the effects shown by Groups 1 and 2, however. 
Hence the iodinated extract must have lost very little of its exophthalmic 
and fat-mobilizing activity Avhile being kept in the refrigerator for four 
days. ■ 

Furthermore, the average thyroid weight of chick Group D was defi- 
nitely higher than that of Group C (Table 3). Hence it is unlikely that the 
iodinated extract retained considerable thyrotropic activity for the first 
day after preparation. 

Table 3. The Effect of Iodination of Pituitary Extract upon Its 
Thyroid-Stimulating Activity in Chicks. 


Group* * 


Th3’Toid 
weight (mg.) 


A. Controls (1 ca distilled water daily) 4.92 

B. Pituitary extract §2 (2/3 J-S unit TSH daily) 10.52 

C. lodo-P.E. §2 (10/3 J-S units TSH daily) 6.27 

D. P.E. #2 (3 J-S units TSH) -f-I-KI separately first da}--, followed by 

iodo-P.E. (10/3 J-S units TSH) for two da^-^s 8.25 


* Each group consisted of 10 chicks injected subcutaneouslj’’ with the indicated doses 
for three consecutive days and sacrificed on the fourth dajL 

This experiment also confirms the previous studies, in that a quantity of 
iodinated extract equivalent to 10 units of original thyrotropic activity 
(Group C) did not produce as great an increase in thyroid weight as a 
quantity of untreated extract containing 2 units. The assay consequently 
indicates that the dose of iodinated extract administered to the guinea 
pigs contained less than 2 units of thyrotropic activity, a quantity which 
had been found to be insufficient to produce exophthalmos and fatty in- 
filtration of the liver on the basis of the activity of this principle alone. 

DISCUSSION 

Although the evidence obtained in these studies is to a great extent in- 
direct, and although the nature of the experiments was such that numerous 
controls were necessary to evaluate possible extraneous factors, neverthe- 
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less the results were sufficiently consistent to be reasonably con'V’incing. 

Although iodination of pituitaiy extract at a pH above 5 produced ir- 
reversible inactivation of all three principles, iodination at pH 4.2 appar- 
ently resulted in less loss of exophthalmic and fat-mobihzing than of thy- 
rotropic activity. Thus, both exophthalmos and fat mobihzation were re- 
peatedly produced in guinea pigs by a dose of iodinated extract which con- 
tained much less thyrotropic actHuty by chick assay than was necessary to 
produce these effects when the untreated extract was administered. Since 
these effects could not be accounted for on the basis of thjwotropic acthity 
alone, it therefore appears that the role of thjwotropic hormone in experi- 
mental exophthalmos is at best an auxiharj’- one, and the primary factor 
responsible for the development of this phenomenon remains unidentified. 
It may be an entirely separate principle of pituitarj' extract, or it may re- 
sult from the combined actions of two or more of the recognized principles. 

SUMAIART AXD CONCLUSIONS 

The effect of iodination upon the thj’Totropic, exophthalmic and fat- 
mobilizing principles of pituitary extract has been studied. ThjTotropic 
acti^dty was assayed in chicks. Exophthalmos and fat mobilization were 
assayed in ^mung guinea pigs following two daily injections of preparations 
of pituitarj’- extract. Intercorneal distances were measured with a simple 
instrument which is accurate to 0.1 mm., and fat mobihzation was de- 
termined histologicall}’- by Scarlach R stains of frozen sections of the 
hyers. 

Iodination at pH 5-6 resulted in irreversible inactivation of the thiTo- 
tropic, exophthalmic and fat-mobihzing principles. Iodination at pH 4.2 
produced up to 95 per cent loss of thyrotropic actmty but sufficient exoph- 
thalmic and fat-mobihzing acthnty remained to produce demonstrable 
effects in young guinea pigs Suitable controls indicated that these effects 
therefore could not be attributed to the thjTotropic principle alone. 

Consequently, the role of thjTotropic hormone in experimental exoph- 
thalmos fohovdng pituitary injections appears to be at best an auxihar}^ 
one, and the primary'' factor responsible for this phenomenon remains un- 
identified. 

Treatment of the iodinated extract with thionracil partlj’^ restored the 
thjTotropic acthdty and apparently slightly increased the exophthalmic 
and fat-mobihzing effects. 
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Boston, Massachusetts 

I N the preceding report (1) it has been found that the exophthalmos 
produced within fortj^-eight hours by the injection of pituitarj’- extract 
into guinea pigs cannot be attributed to thyrotropic actiHty alone. It has 
also been found that this exophthalmos can hardly be attributed to pitui- 
tary-induced mobilization of fat per se (2), since proptosis developed in 
some animals which showed no increased fat deposition in their livers. 
Nevertheless, the exophthalmic and fat-mobilizing actmty seemed closely 
related, disappearing approximate^’- together with diminishing doses of 
pituitary extract and beha^’ing similarly when the extract was iodinated. 
It therefore seemed ad^dsable to investigate this relationship further, if 
possible. 

Fry (3) has reported that the fatty livers induced by administration of 
anterior pituitary extract to intact rats cannot be induced in adrenalecto- 
mized animals. More recently, Baker et al. (4) have noted that the ad- 
mirdstration of adrenocorticotropic hormone (ACTH) to rats on a high 
carbohydrate diet has been followed by increased histologic fat in the 
livers. Consequently, it seemed reasonable to suspect that ACTH might be 
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thyroid is known, the calculation of total iodine accumulation is a simple 
matter. Since the kidneys excrete the isotopes indiscriminately, there will 
be the same proportion of each in the serum and in the urine. Or, expressed 
in another fashion, Serum P^^Serum P^^ = Urine ji3i_ 

time then, the specific activity of the iodide in the urine being 

formed will be the same as that of the serum. Since arterial blood from the 
same source supplies both the thju’oid and the kidneys and contains identi- 
cal amounts of iodide, the specific activity of the iodide of the urine ex- 
creted over a short pei'iod will accurately reBect the specific activity of the 
iodide entering the thyroid during this same period. 

A group of 31 euthyroid and 13 untreated thyrotoxic subjects were 
studied by this method. In all instances a tracer dose of 100 microcuries of 
was administered by mouth. Within a few minutes the subject urinated 
and discarded the specimen. During the course of the test enough water 
was drunk to provide an adequate urinary output. At approximately 
hourly intervals for six to twelve or more hours the radioactivity in the 
thyroid gland was measured with a sensitive gamma (Geiger-Miiller) 
counter at a distance of 35 centimeters from the gland. The background 
(radioactivity over the lower thigh just above the knee) was subtracted 
from the thyroid count. The absolute quantity of in microcuries was 
calculated by comparing the net count with that resulting from a stand- 
ard radioactive iodine solution under similar geometric conditions. Nearly 
simultaneously with each thyroid count, urine and blood specimens were 
collected. 

Astwood and Bissell’s modification (2) of Kendall’s method was used for 
the analyses of the urines for stable iodine, P^'^. The P^^ content of the 
urine and serum was determined by comparing aliquots evaporated on 
flamed copper planchets with appropriately diluted portions of the ad- 
ministered using a thin window beta counter. In order to compensate 
for the greater self-absorption of the serum specimens, appropriate quanti- 
ties of normal serum (containing no radioactivity) were evaporated on the 
discs with the urines and standard solutions. 

When the successive values representing accumulated I^®^ in the thyroid 
were plotted against a "square root of time” scale, the parabolic curves 
were converted to straight lines in normal subjects (3). The effect of in- 
hibiting agents administered during the tests was evident as deviations 
from this linear course of accumulation. Thus, in normal subjects, anti- 
thyroid drugs of various types have been quantitatively assayed by this 
method (3). In this studj'-, also in euthyroid subjects, the method was 
utilized in ascertaining the action of the iodide ion. The pattern of iodine 
collection exhibited by very hj^perplastic thyroids such as in thyrotoxicosis 
could not be fitted to a straight line. 



THE DIRECT ESTIMATION OF THE RATE OF 
THYROID HORMONE FORMATION IN MAN. 
THE EFFECT OF THE IODIDE ION ON 
THYROID IODINE UTILIZATION* 

MALCOLM M. STANLEY, Al.D. 

From the Joseph H. Pratt Diagnostic Hospital and the Department of 
Medicine, Tufts Medical School, Boston, Massachusetts 

T he interest of th. 3 Toidologists was recentlj’’ aroused the demonstra- 

tion bj’ Wolff and Chaikoff (1) that, with levels of serum iodide higher 
than 20 to 30 micrograms per cent, organic binding of iodine in the rat 
thjToid was inhibited. Extension of these observations to man was under- 
taken in ^dew of the paradox thus presented, i.e., that adequate iodide 
seemed to prevent hormone formation in the rat and j’^et failed to control 
thjTotoxicosis completelj’- or to produce myxedema in man. 

Although various indirect methods have been used for estimating the 
rate of hormone formation in man, such as the amount of thjToid necessarj^ 
to alleviate myxedema, or the urinary excretion of iodine, no direct meas- 
urements of this function have been described. 

It is the purpose of this paper to present a method for the direct estima- 
tion of the rate of iodine utilization by”^ the thyxoid in man, and to deter- 
mine the effects of various amounts of iodide on this process. A simple 
method for calculating the serum iodide is also described. 

JIETHOns 

The principles utiUzed were, (a) serial quantitative determinations of 
radioactive iodine uptake by'- the thyxoid, and (b) calculation of the specific 
acth’ity’- of the accumulated thyxoid iodine by analy’^sis of the simultane- 
ously^ excreted urine for both and I*-'. 

These procedures are based on the assumption that the two isotopes, 
(radioiodine) and I'-' (stable iodine), chemically^ identical in the test 
tube, are metabolized in exactly the same manner in the body^. Then, if the 
quantity^ of stable iodine accompanydng each microcurie of 1“^ into the 
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Small amounts of iodide were given (single doses orally of 10 micrograms 
of potassium iodide— 7.63 micrograms I~ — /kilogram body weight) to 15 
additional euthyroid subjects; in 14, this was added to the as carrier, 
and in the other patient was administered during the course of the uptake. 
In the instances in which they were determined, the serum iodide values 
were increased 1 to 3 micrograms per cent by this addition. In all except 
one person, the amounts of total iodide collected by the thyroid were 
higher than in those not given iodide, or were increased as a result of the 



Fig. I. The rate of total iodine utilization by the thyroid gland plotted against the 
radioiodine uptake in euthyroid subjects. The per cent of collected in the thyroid at 
eight hours after administration of the dose is selected as an index of radioiodine uptake 
(abscissa). On the ordinate is represented the rate of collection per hour. The solid 
circles signify that the subjects received no additional iodide; the serum iodide levels 
were usually less than 1 microgram per cent. The crossed open circles indicate that the 
subjects received 10 micrograms potassium iodide (7.63 micrograms I“) /kilogram body 
weight, either as carrier with the or, in one patient, during the course of the uptake 
(vertical dotted line connecting the solid circle and the crossed open circle). 

addition. As a rule, this increase was greater for those individuals with the 
higher rates of I^^^ accumulation, although some overlapping was evident 
(Fig. 1). 

In those 8 indmduals who received additional small doses of iodide there 
were further increases in the amounts of iodide collected by the thyroid. 
The iodine accumulation by the thyroid varied directly with the serum 
levels of iodide, providing the latter were relatively low (Figs. 2 and 3). 





Fig. 3. The influence of several small doses of potassium iodide on the radioiodine 
and total iodine collection in a normal subject with a relatively inactive thyroid 
uptake 8 per cent in eight hours). The accumulation is plotted against the "square 
root of time” to demonstrate the linear relationship. One milligram of potassium iodide 
was given as carrier and, during the test, additional doses of potassium iodide in half- 
milligram amounts, as indicated by the arrows. Although the serum level was raised 
to nearly 10 micrograms per cent by the total of 3 milligrams potassium iodide and the 
total iodine uptake was increased to 48 micrograms/hour, there was no inhibition of 
binding of iodine in this inactive gland. 


ual as it appeared in a few instances, or always abrupt as it seemed in most 
subjects. 

In the 13 thyrotoxic patients studied, there were large variations in the 
radioiodine collections and usually corresponding differences in total iodine 
accumulations. The average was 120 micrograms I^^V^our, and the range 
was from 44 to 265 micrograms/hour. 

There was in these thyrotoxic glands a very large capacity for accumu- 
lating the iodide ion (5) ; even when organic binding of iodine was virtually 
completely inhibited by antithyi-oid drugs of the thiouracil type, such th 3 ^- 
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As serum iodide levels above 6 to 12 micrograms per cent were attained 
with larger amounts of iodide, the organic binding of iodine in the thj'^roid 
was halted (Fig. 4). The values for serum iodide with which inhibition of 
binding was detectable were inversely related to the rate of collection. 
Thus, in subjects with very slow rates of collection, serum iodide values in 
the upper part of the range were necessary before inhibition occurred. 



Fig. 2. The iodine utilization by the normal thyroid before and after administration 
of a small dose of iodide. The I*’* accumulation curve is plotted against time to show 
the usual parabolic shape (solid line). The course of the 1“^ uptake was not changed by 
the dose of 1 milligram of potassium iodide which raised the serum level of iodide by 4 
micrograms per cent (five times). However, the total (li=0 collection was increased 
approximately four times, from 11.7 micrograms/hour to 44.9 micrograms/hour, as 
shown by the dotted line and the bars. 


whereas inhibition was attainable with levels around 6 micrograms per cent 
in others whose glands were verj' active. 

Because of the appreciable amounts of iodine which could be accumu- 
lated and held as the iodide ion in the gland (see below), it was difficult to 
ascertain whether the cessation of organic binding due to iodide was grad- 
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'^filled” before blocking was evident. Since the uptake pattern in hyper- 
plastic thyroids could not be fitted to a straight line as in Jiormals, devia- 
tions from this line could not be utilized as an index of inhibition. 

However, the characteristic pattern of collection exhibited by the in- 
hibited hyperplastic gland was recognizable (5) (Figs. 5 and 6). This con- 



Fig. 5. The influence of small amounts of iodide on organic binding in 2 subjects 
with untreated tlijn'otoxicosis. Both received the iodide as carrier. In both, the charac- 
teristic shape of the curves denotes that the collection consisted largelj^ of the iodide ion. 
In A (10 micrograms potassium iodide/kilogram body weight), there was some increase 
in I”i accumulation at the 23-hour interval, indicating that organic binding had occurred 
to some extent after this prolonged period. The decrease after thiocyanate administration 
(2 grams, given at the twenty-third hour) showed that an appreciable portion still re- 
mained as iodide ion, however. In B, (20 micrograms potassium iodide/kilogram body 
weight), with levels of serum iodide probably higher, the more rapid spontaneous de- 
crease in the thyroid iodide I^®^ parallels the fall in serum iodide. The quantity of iodine 
in the thyroid in B, as shown by the crossed circle, was 827 micrograms during the 
second hour, mostly in the form of the iodide ion. No thiocyanate was given to this 
patient. 

sisted of the rapid accumulation of 10 to 40 per cent of the which was 
usually at a maximum in two to three hours ; following this there was a 
gradual or rapid fall as the radioactivity remaining in the gland in the 
form of freely diffusible iodide was diluted with serum iodide of progres- 
sively decreasing specific activity. The thiocyanate ion would cause dis- 
charge from the thyroid of all, or a large part of, that portion of iodine 
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roids could collect as much as 40 per cent of a dose of as the iodide ion. 
It was repeatedly demonstrated that such large quantities as 15 milligrams 
of iodide (I*-") could thus be held in glands in which binding had been 
halted. In such instances the prompt detection of inhibition by iodide was 
difficult, particular!}’ when the dose was given during the course of ac- 
cumulation, because of the large size of this “iodide space,” which must be 



Fig. 4. The influence of a small but inhibitorj' quantity of iodide (2 milligrams 
potassium iodide) in a normal subject with a verj’ active thjToid (I*’i accumulation 
estimated b}’ extrapolation to be 51 per cent at eight hours). The inhibition is shown 
by the cessation of accumulation of radioiodine soon after administration of the iodide. 
The large bars are hatched because the accumulations do not represent organicalb- 
bound iodine solely. The larger hatched bar is spuriously high and represents a com- 
bination of : a) error in calculation (from continued uptake of high activity iodide 
before and during absorption of the added iodide); b) organic binding while the inhibi- 
tory levels were being achieved; and c) iodide ion collected after cessation of binding. 
The smaller hatched bar indicates an increment of iodide ion almost exclusiveb’. That 
a part of the accumulated iodine was in the form of the freelj' diffusible iodide ion 
(unbound) is shown by the fall in I”* in the thyroid which occurred soon after the peak 
level was attained. 
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large in some thjToids (with slow rates of iodine turnover) before the 
accumulation stopped (Fig. 3), whereas it was small in others (with rela- 
tively rapid uptakes), it could be inferred that cessation of collection 
indicated actual inhibition of binding. Thus, the observations of "Wolfe and 
Chaikoff in the rat were extended to man. 

The observed values for serum iodide in patients who had not received 
iodine medication, 1 microgram per cent or less, agree well with those ob- 
tained by sensitive microchemical methods. Our results depend upon chem- 
ical analj'sis of iodine in the urine, which is a relativelj’^ easy chemical pro- 
cedure. Since the iodine content is usually above 10 micrograms per cent, 
10 to 20 cc. of urine can be readily analyzed. Hence it is felt that the results 
by this indirect method on serum are at least as accurate as those obtained 
by direct ana^ses. 

From the observ’-ations reported here it may be deduced that in each in- 
di\'idual the thjwoid extracts a certain fraction of the iodide from the 
blood. This fraction remains constant, at least for a short time, with in- 
creasing levels of serum iodide until inhibition is attained. PresumabW in 
euthjToid subjects the quantity of pituitarj’^ thyrotropin available is a 
most important factor in determining the size of the fraction of serum 
iodide extracted by the thyroid. The rate of accumulation is an indica- 
tion of the magnitude of the fraction, and, hence, of the potential capacity’ 
for hormone formation within the limits discussed in the next paragraph. 
However, in order to know how much iodine is being used for sjmthesis at 
anj*^ time, it is necessary to determine the specific actmty of the metabo- 
hzed iodine. Therefore the assumption that a rapid accumulation of radio- 
iodine by the thjToid indicates a large total iodine utilization, such as ac- 
companies thjwotoxicosis, may in certain instances be fallacious (Fig. 1). 
These same limitations are apphcable when these functions are expressed as 
th 3 woid clearance of serum iodide. 

Our data are consistent with the theory (1) that the concentration of iodide 
ion in the thjToid cells, rather than the serum iodide level, is the ultimate 
consideration governing the amount of iodide necessarj’’ to produce inhibi- 
tion in a given instance. The thjToid cell iodide concentration is a function, 
not onlj’^ of the serum iodide level, but also of the abilitj'- of the thrj'oid to 


Fig. 6. The influence of larger amounts of iodide on organic binding of iodine in the 
thyroid glands of 2 additional patients with thyroto.xicosis. In both subjects 5 milligrams 
of potassium iodide were given by mouth (A, 40 minutes; B, 90 minutes) before the I’^'. 
In both, the serum levels of iodide were in excess of the concentration required to produce 
inhibition of binding. The left vertical arrows (“MMI") indicate the administration of 
large doses of the potent antithjToid drug, l-methyl,2-mercaptoimidazole; the reasons 
for this are discussed in the te.xt. In each patient there was a small residual fraction 
of radioactivity in the gland following the action of thiocyanate. The interpretation of 
this finding is also undertaken in the text. 
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iodine in the thyroid gland occurred. In general, inhibition seemed to be 
determhled by the level of iodide in the thyroid cell, which was a function 
both of the ability of the cell to concentrate iodide from the serum and the 
amount of iodide available in the serum. The serum iodide levels with 
which inhibition could be produced in thyrotoxic subjects were 5 micro- 
grams per cent or less, whereas a higher value, between 6 and 12 micro- 
grams per cent, was necessary to stop organic binding in the less hyper- 
plastic glands of euthyroid individuals. These data are the results of acute 
experiments. No clue is provided to explain the relapses which occur 
during the course of treatment of Graves’ disease with full doses of iodine. 
Alterations in the above reactions may occur after a period of iodinization. 
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THE ANTITHYROXINE ACTIVITY OF ' 
THYROXINE ANALOGS*! 

RUTH E. CORTELL, Ph.D., M.D.§ 

From the Department of Pharmacology, Yale University 
School of Medicine, Neio Haven, Conn. 

S INCE the discoveiy of the inhibitory action of para-arainobenzoic 
acid on the sulfonamides, the concept of antagonistic action between 
compounds closeL’^ related structirrally has been applied to many fields of 
biologic activity, as revie^Yed recently by Woolley (1947 (1)). In 1946 (2) 
Woolley reported on the sjmthesis of a series of compounds which were 
antagonistic to thj’-roxine. Using as a criterion of such actmty the abifity 
of the compounds to protect tadpoles against lethal doses of thyroxine, he 
found that several ethers of N-acetyl-diiodotjwosine possessed the prop- 
erty of inhibiting the actiHty of thj'^roxine. Some of these compounds 
exhibited in addition a weak thyroxine-Hke effect. 

To explore further the possibility of antagonizing the action of thyroxine 
by compounds related to it structurally, a series of substituted thjwonine 
compounds were examined for their antithjToxine acthdty. These com- 
pounds were more closely related structurally to thyroxine than the com- 
pounds studied by Woolley. They were sjmthesized by Niemann (1941, 
1941 b, 1944). Seven compormds were available for study namely: 

1. Thj'Tonine 

2. S'-Fluorothiuonine 

3. 3'-Fluoro-3,5-diiodoth5’Tonine 

4. 3',o'-Difluoro-3,5-diiodoth^wonine 

5. 3'-Fluoro-5'-iodo-3,5-diiodoth>nonine 

6. 2',6'-DiiodothyTonine 

7. 3',5'-Diiodo-4 (4'’-hydroxj'phenox3’^) 3,5-diiodo hippuric acid. 

The structural configurations of these compounds are depicted in Fig- 
ure 1. 
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treated rats resulted in a quantitative inhibition of the hjqDerplasia of the 
thyroid gland caused by thiouracil, and these authors demonstrated the 
use of this phenomenon as a method for the assay of thjToid actmty. 
Reineke, jNIixner and Turner (1945 (9)) showed the close correlation be- 
tween tliis method of studsdng th 3 Toid acthity and the standard metabolic 
method. 

In the experiments reported here the th^uroxine-like acthutN of each 
compound was determined bj’- injecting the material into thiouracil- 
treated rats and comparing the thjToid gland weights with those of rats 
treated with thiouracil alone. Decrease in weight indicated thjToxine-like 
acti^’it 3 ^ A comparison of the decrease in thjToid weight with that at- 
tained bj' a standard dose of thjToxine (in this case 5.0 micrograms) indi- 
cated the relative potencj" of the two compounds. The abilitj’- of these 
compounds to antagonize thiuoxine was determined bj' injecting each 
compound into thiom'acil-treated rats which were receiving 5.0 micro- 
grams of thjToxine. If the compound had the property^ of interfering with 
the action of thj’-roxine, the decrease in size caused bj- thjToxine would be 
inhibited and the h^Tjerplasia usualty brought about bj’’ thiouracil treat- 
ment would still be present. 

The experiments were performed on male rats of the Sprague-Dawlej’’ 
strain weighing approximatelj’’ 120 grams at the start of the experiment. 
Thej'' were kept in small cages with 2 rats in each cage. Food was Purina 
laboratory chow given ad lihiiinn. The thiouracil was given as a 0.1 per 
cent solution in the drinking water. Each compound was tested on a group 
of 10 animals, unless otherwise indicated. In each series of experiments, 
the animals were treated for ten day^s with thiouracil, during which time 
thej’- received dailj^ injections of the compounds being tested. On the 
eleventh das’- the rats were killed with ether, the thjuoid glands carefuUj’’ 
dissected out and weighed on the torsion balance and the weight of the 
thjuoid gland per 100 grams of bodj*^ weight were calculated. For each 
group the mean and standard de'vdation were determined and, where indi- 
cated, significant differences between two means were determined by-- anal- 
j-^sis of variance. 


EESUX.TS 

As a preUniinarj’- studyy each of the 7 th 3 ’Toxine analogs was tested in 
equimolecular doses for its thyroxine-like and antithyuoxine acti\'it- 3 y using 
5.0 micrograms of thyuoxine as a standard. This dose of thyuoxine was 
found to be the minimum dose necessary to prevent completely the hyqDer- 
plasia of the thyuoid gland in rats treated for ten day's with thiomacil. The 
experiments wei'e performed in successive ten-day' periods. Each new com- 
pound was tested by' using 4 groups of rats. All the rats received thiouracil 
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The results of these experiments are summarized in Table 1. In examin- 
ing the table, if one compares the results in groups 1 and 3 for any given 
compound, one can determine the presence of th3Toxine-hke activity. A 
significant decrease in thjnoid weight in group 3 as compared with group 1 
indicates that the compound has thjnoxine-hke actmty because the thiou- 
racil h^TJerplasia is suppressed. A comparison of group 3 with group 2 gives 
some indication of range of potency. A comparison of group 2 with group 4 
gives information concerning the antithyroxine acti^^ty of an^' given com- 
pound. A significant increase in thyroid weight in group 4 over that in 
group 2 shows that the thyroxine acti\dty is being inhibited. 

Therefore it can be seen that the compound 2',6'-diidoth3nonine defi- 
nitely inhibited the acthfity of tfij-roxine. In two separate experiments this 
compound almost completely inhibited the suppressing effect of 5.0 micro- 
gi-ams of thjnoxine on thiouracil hjTjerplasia. None of the other compounds 
exhibited anj”- antithjTOxine actmty. In fact, several of them exhibited 
thiToxine-like actmty, some to a marked degree. 

To elucidate further the thjnoxine-inhibiting acti\dty of 2', fi'-diidothj’-- 
ronine the compound was given to a group of normal rats, receiving no 
other treatment for a period of ten days, in a dose of 500 micrograms per 
da3\ At the end of this period the thjToid glands were weighed and also 
examined histologicalty. There was found to be no effect of this compound 
on thyroid weight (Table 2) or histologic appearance compared with con- 
trol rats. Since it is generally believed that injected thinoxine probabty be- 
comes combined in some waj" within the bodj’^ before it is active, it was 
postulated that perhaps 2',6'-diiodoth3’Tonine antagonizes the action of in- 
jected thyroxine by competing vdth it in vivo for some tjT^e of combination, 
whereas when the 2',6'-diiodothyronine is given to rats whose th3noid ac- 
tmty comes solety from the normall3'^ functioning th3Toid gland, the com- 
bination has alread3’' occurred, and an3'^ competing analog would be inef- 
fective. 


T.\bi.e 2 




ThjToid weight per 


No. 

100 Gm. body weight 

Treatment 

of rats 

(milligrams) 
i\Iean +S.D. 

Control 

5 

7.90 ±0.76 

2',6'-Diiodothyronine (500 micrograms per rat per day) 

6 

7.41 ±0.SS 


In order to put this h3y)othesis to the test, the abihty of 2',6'-diiodoth3’- 
ronine to antagonize the action of th3Toglobulin was determined. In th3’To- 
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thyronine can antagonize the action of injected thyroglobiilin as well as 
that of thyroxine, but the quantitative relations are certainly not clear cut. 

To return to the other thyroxine analogs, examination of Table 1 demon- 
strates that neither thyronine nor 3^-fluorothyronine showed any thy- 
roxine-like activity in a dose 150 times that of thyroxine. The other 
fluorine-substituted compounds all showed thyroxine-like activity, and in 
the dose given, i.e. 150 times the dose of thju'oxine, were more effective 
than 5 micrograms of thyroxine. Therefore, further experiments were per- 
formed, using smaller doses of these compounds, to determine their rela- 
tive potency. The data on these compounds are presented in Tables 4, 5 
and 6. These tables show that the activity of 3'-fluoro-3, 5-diiodothyronine 
lies between one-twentieth and one-fortieth that of thyroxine, and that of 
3',5'-difluoro-3, 5-diiodothyronine is between one-thirtieth and one-sixtieth 
that of thyroxine. In the case of 3'-fluoro-5'-iodo-3, 5-diiodothyronine, it 
was found that this compound is at least one-third as active as thyroxine, 
and probably more so. 

The final compound which was tested, namely 3',5'-diiodo-4 (4'-hydroxy- 
phenoxy) 3-5-diiodohippuric acid was found to have a weak but definite 
thyroxine-like activity. A dose 150 times that of thyroxine showed an ac- 
tivity less than that of 5 micrograms of thyroxine, showing that this com- 
pound has less than 1/150 the activity of thyroxine. 

DISCUSSION 

The results of these experiments demonstrate that among the group of 
thyroxine analogs studied, one of them, namely 2',6'-diiodothyronine, had 
the ability to antagonize the action of thyroxine when the latter was in- 
jected into rats treated with thiouracil. Furthermore, it was also shown 
that this compound could inhibit the activity of injected thyroglobulin. 
It is interesting to note that 2',6'-diiodothyronine was the only compound 
in which the substitutions were in the 2', 6^ position on the phenyl ring. In 
all the other compounds, the iodine or fluorine substitutions were in 3,5 or 
3/5' position on the phenyl ring. These compounds had either thyroxine- 
like activity or no activity at all; none of them showed any antithyroxine 
activity. 

The mechanism of the inhibitory action of 2/6' diiodothyronine on thy- 
roxine is not clear from these experiments. In the doses used, the antagon- 
ist had no demonstrable effect on the thyroid gland of normal untreated 
rats, suggesting that its action is not related to the production of thyroid 
hormone by the gland, such as is seen with thiouracil and related com- 
pounds. It is generally believed that thyroglobulin is broken down to simple 
polypeptides containing thyroxine before it circulates in the blood stream, 
and presumably before it acts on tissue cells. If it can be assumed that 
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Table 4. A Comparisox of the Potexct of 3 -Fltjoko-3,5-diiodothtroxixe 

T^TH ThYROXIXE 


Group 

Treatment 

ThjToid weight per 
. 100 Gm. body weight 
(milligrams) 

Mean ±S. D. 

All rats received 0.1% thiouracil 
to drink. In addition: 

1 

1 

0 

16.03+1. SO 

2 

Thyroxine — 5 micrograms per da}' 

7.66+1.55 . 

3 

3'-riuoro-3,5-diiodothj'ronine 64. S 



micrograms per day=20 XthjToxine 

10.SS+2.1S 

4 

3'-riuoro-3,5-diiodothyronine 140 



microgram per day~40 Xthj-roxine 

6.53 +0.95 


Table 5. A Comparisox of the Potexct of S'jo'-Difleoro-SjS-dhodothtroxixe 

BTTH ThTBOXIXE* 


Group 

1 

2 

3 

Dose of 3',o'-difluoro-3,5-diiodothyronine 

Thiouracil 

alone 

Thiouracil + 

5 micrograms 
of thjToxine 

Thiouracil +• 
3',5'-difluoro- 
3,5-diiodo- 
th^Tonine 

220 micrograms per day= 60 xthyroxine 
lOS micrograms per day===30 xthyroxine 
72 micrograms per day===20 Xthi-roxine 

18.96+3.40 

16.03+1.79 

16.03+1.79 

5.55 +0 .85 

7 .66 ±1 .55 

7 .66 ±1 .55 

6.11±1.13 
10.73 ±2.56 
13.82 ±2.11 

* Each value represents the mean thjToid weight in milligrams per 100 Gm. body 
weight plus standard delation for each group. 

Table 6. A Comp.\risox of the Potexct of 3'-FLtroRo-5'-ioDo-3,5-DiiODO- 

THTROXIXE WITH ThTROXIXE* 

Group 

1 

2 

3 

Dose of 3'-fluoro-5'-iodo- 
3,5-diiodothj'Tonine 

Thiouracil 

alone 

Thiouracil ± 

5 micrograms 
+ thyroxine 

Thiouracil + 
3'-fluoro-5'- 
iodo-3,5-diiodo 
th3'ronine 

86.2 micrograms per day=20 Xthyroxine 
43 . 1 micrograms per dayo 10 XthjHOxine 
21 .5 micrograms per dayoo Xthyroxine 
12.9 micrograms per day=3 XthjToxine 

18.96 ±3.40 
18.96+3.40 
16.03+1.79 
16.03+1.79 

5.55 ±0.85 
5.55 ±0.85 
7.66 ±1 .55 
7.66 ±1 .55 

6.56 ±1 .04 
5.96 ±0.73 
5.39 ±0.36 
5.54 ±1 .03 


* Each value represents the mean thyroid weight in milligrams per 100 Gm. body 
weight plus standard de\-iation for each group. 
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in the second ring along with one fluorine atom, as in the compound 
3'-fliioro-5'-iodo-3,5,-diiodothyronine. The activity of this compound 
closely approaches that of thju’oxine. This demonstrates that the presence 
of only one iodine atom in the second ring I'esults in a compound which is 
almost as active as thyroxine, which has two iodine atoms in the second 
ring. It would be of interest to know whether the fluorine atom in the 3' 
position is contributing anything to this activity. In view of the relative 
inactivity of the additional fluorine atoms in the compounds discussed 
above, this is doubtful. 

A comparison of the activity of thyroxine and thyroglobulin as deter- 
mined in these experiments, gives corroboration of the well-known fact 
that on the basis of thyroxine iodine, thyroglobulin is more active than 



0 2 4 6 

TH/ROXINE IODINE 


yUgm/RAT/OAV 

Fig. 2. The comparative effectiveness of thyroxine and thyroglobulin in inhibit- 
ing the thyroid gland weight in rats treated with thiouracil. 

thyroxine. The thyroglobulin preparation had a value of 5.75 mg. of 
thyroxine iodine per 100 cc. Thyroxine has an iodine content of 65.4 per 
cent. The comparative effectiveness of these two compounds in suppressing 
thiouracil hyperplasia is plotted in Figure 2 on the basis of the thyroxine 
content of each compound. -This graph shows conclusively that per unit 
of thyroxine iodine, thyroglobulin is much more effective than thyroxine. 
These results are significant, in that both compounds were injected sub- 
cutaneously, thus eliminating any differences on the basis of variations in 
absorption or destruction in the gastro-intestinal tract. 

Harington in 1933 (14) showed that a peptide containing th3a'oxine ob- 
tained from thyroglobulin by enzymatic hydrolysis was more active than 
^liyj'oxine alone and he postulated that ^^the activity of thyroxine can be 
enhanced by combination with other amino acids which occur in thyroglob- 
ulin.” “ . . . thyroxine is not to be regarded as itself the complete active 
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CONFESSIONS OF AN ELDERLY 
THYROIDOLOGIST=’= 

J. H. MEANS, M.D. 

From the Massachusetts General Hospital, Boston, Mass. 

A YEAR ago I had the honor of being yoiir President. I was prevented 
from attending by unexpected and compulsory enrollment in an in- 
voluntary course in subjective medicine. This, I maj’’ say, was veiy instruc- 
tive, but I deeply regretted that it conflicted with our Toronto meeting. 

Dr. Crile has been' so kind as to ask me to give toda}'^ the address I had 
projected for a year ago. It is a belated Presidential address. The title, as 
you will perceive, is on the whimsical side. I do not really consider myself 
elderly, although I have been enjoying the thyroid for a relatively long time. 
Nor by ^^confessions” do I mean confessions of error onlj''. As I read the 
dictionary, confessions may apply to confessions of success as well as of 
failure. I shall merely tiy to be well balanced and truthful. Finallj’’, if 
anyone finds the term “thyroidolog}’-” offensive, I will plead that it is no 
worse than cardiologj’-, gastro-enterologj^, or dozens of other ologies. 

My first confession is that a gadget got me into the field of thju'oidology. 
A passionate interest in biology originally got me into medicine, but why 
into the applied biology of medicine, rather than the fundamental science, 
I have not been able later to figure out. Probably a psychoanalysis would 
be necessary in order to do that. 

However, I am quite clear that during my internship in 1912 I had every 
intention of going into the private practice of medicine as soon as I finished. 
My chief, the late David L. Edsall, decreed otherwise. He had become in- 
terested in the physiology of respiration and had had constructed what 
was then known as a Benedict Universal respiration apparatus. Having no 
time to use it himself, he got me a research fellowship and set me to work 
with it. After various explorations as to what it was good for, I settled 
down by 1914 to using it,, primarily as a basal metabolimeter; and since 
alterations of basal metabolism had been shown by Magnus Le\y and 
others to be greatest in thryoid disorders, the instrument drew me into 
that area. 

My orientation at first was merely to use the basal metabolism as a 
quantitative index of thjwoid function, and as such, an aid in diagnosis and 
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her endocrines including the anterior pituitaiy and the adrenals. This is 
how we became conscious of pituitary myxedema, which is really a sub- 
species of Simmonds’ disease. We have .seen many cases .since, and therefore 
must have been missing them before. However, there is no reason to miss 
them, if in all cases of m 3 '’xedema other endocrine hj^D of unctions besides 
hj'-pothyroidism are carefullj’- looked for. 

Since the entry of the pituitary our investigative work has been focused 
more and more on the activities and interrelations of thjTotropin and thy- 
roid hormone, on the sensitivity of their end organs, and on agents which 
affect the balance between them. In 1929 a long series of studies with W. T. 
Salter began on the relation between chemical structure and phj'-siologic 
activity of thyroid gland derivatives, and there is a confession concerned 
in that. Salter had brought back from Harington’s laboratory in London, 
a sample of thyroxine pol3q3eptide which he wished to have assayed in 
human m 3 ’'xedema. This was done, and it led to further studies. Among 
other questions, that of the effect of optical activity of thyroxine was put 
to the test. Harington supplied us with what were taken to be pure samples 
of dextro-rotary and of laevo-rotary th 3 a’oxine. M^ien assayed in cases of 
myxedema these preparations had equal calorigenic activit 3 ^ This seemed 
queer, because in general in nature laevo-rotary molecules are more active 
physiologically than their dextro-rotary isomers. However, we had to accept 
what we observed until more evidence was secured. In 1947, the experiment 
was repeated with new lots of material received from Harington. This time 
the laevo-rotary form was ten times more active than the dextro-. The in- 
terpretation accepted was that, in the first preparations, the separation of 
the two optically active isomers had been imperfect. It has become abun- 
dantly evident that thyroxine is the business part of the thyroid hormone 
molecule. Yet it also appears that when given by mouth to man, the total 
physiologic activity of a thyroid preparation is related more nearly to its 
total organic iodine than to its thyroxine iodine. I will confess that this 
paradox still puzzles us. 

As I look back over my whole experience in the thyroid field, which now 
covers a period of thirty-five years, I find the story falls into fairly definite 
chapters. With regard to Graves’ disease, there was first the pre-iodine era; 
then the post-iodine, and finally, the era of radioactive iodine and antithy- 
roid drugs. All of these agents we promptly made the subject of study as 
soon as they were introduced. 

YTien radioiodine came in, I predicted that it would prove an invaluable 
tool for research but I was dubious about its ultimate usefulness in ther- 
apy. The first part of the prediction has come true; the latter remains in 
doubt, not because the agent isn’t effective but because we don’t yet know 



HASHIMOTO’S DISEASE* 

T. C. DAVISON, M.D.f and A. H. LETTON, M.D. 

Atlanta, Georgia 

I N the past few years we have seen an increasing number of goiters 
which are classified as Hashimoto’s type of chronic thyroiditis. We 
want to bring this to your attention, along with several other observations 
we have made in the 28 cases of the disease seen from 1935 to the present 
time. All but 2 of these cases were encountered since January, 1943. 

Ill 1912 Hashimoto (1) described “struma lymph omatosa,” which dif- 
fered from other forms of chronic thyroiditis and especially from Riedel’s 
(2, 3, 4) “eisenharte struma.” Since that time there has been considerable 
controversy as to whether the}'- actually are different processes. 

In 1922 Ewing (5) studied 4 cases and concluded that Hashimoto had 
described the early, and Riedel the late stages of the same process. Others 
who take this same view include Boyden, Coller and Brugher (6), Perman 
and Wahlgren (7), Williamson and Pearse (8), Heyd (9), Eisen (10), 
Womach (11), Heist (12), and Shaw and Smith (13). In 1931 Graham and 
McCullagh (14) gave impressive support to the belief that these are two 
separate types of thyroiditis. McCIintock (15), and Scarello (16), have 
shown that the tissue of the thyroid did not change from the Hashimoto 
type toward the Riedel type, but remained the same, judging from biopsy 
specimens taken two and thirteen years later respectively. Lee (17), 
Joll (18), Heineke (19), Moore and Lloyd (20), Lee and McGrath (21), 
Poer, Davison and Bishop (22), McSwain and Moore (23), and Decourcy 
(24), join the ranks of the separate entity followers. DeCourcy (25), fur- 
thermore, suggests that it is possible to have both processes in the same 
gland simultaneously. 

CLINICAL MATERIAL 

Struma lymphomatosa is not a respecter of geographic or social bound- 
aries, and is found very predominantly among females. None of our 
cases was in a male and we have noted only 8 reports in the literature in 
which Hashimoto’s disease was found in the male. 

The average age of the patients as given in the literature by various 
authors varies from 43.8 years (26) to 57.6 years (18), the youngest being 
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et ah (37), who claim that they have one patient who shows no hypothy- 
roidism after five years. Others who agree about x-ray treatment are 
Means (38), Schilling (39) and George Crile, Jr. (40), but Boyden, Coller 
and Brugher (6), and Marshall, Mei.ssner and Smith (41) do not use it 
because they feel that it may further i-educe the amount of thyroid secre- 
tion. McSwain and Mooi'e (23), however, state that the incidence of hy- 
pothyroidism after x-ray therapy is not as high as after operative proce- 
dures. 

In 1934 Polowe (42) reported a case of Hashimoto’s disease in which the 
B.M.R. was plus 43 per cent and it was discussed at the meeting of the 
American Association for the Study of Goiter in 1940. Crane (53) and 
later Polowe (42) and Womach (11) proposed that hyperthyroidism was the 
first sign of Hashimoto’s disease. In view of the microscopic picture and 
the fact that our patients were of a jmunger average age than those pre- 
viously’' reported and had higher basal metabolic rates, we feel that we have 
been dealing with many early cases. We are inclined to agree that in the 
early stages of Hashimoto’s disease there is a slight hyperthyroidism, fol- 
lowed by euthyroidism and then hy^pothyroidism. 

SUMMARY 

Twenty''-eight cases of Hashimoto’s disease seen since 1935 are reported. 
Twenty-six of these cases were seen since 1943. 

The average age of these patients was less than that previously reported 
in the literature, and the preoperative basal metabolism was higher. 

Following total thyroidectomy, mild my'^xedema developed in 61.5 per 
cent of the patients; whereas, following subtotal thyroidectomy, it de- 
veloped in only 6.7 per cent of the patients. Hypothyroidism occurred in 
89.3 per cent of the total number of cases. 

A review of the theories concerning the etiology’' of the disease is pre- 
sented. 
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roiclectomy was advised: 1) merel}'’ to remove the lumps, and 2) because of attacks of 
auricular fibrillation. 

Febvuary 17, 104-7: Bilateral subtotal thyroidectomy was done under ethylene and 
oxygen anesthesia without an intratracheal catheter. The anesthesia was begun at 
8:30 and terminated at 9:40 a.m. There was no difficult}' with the anesthesia and the 
blood pressure, pulse rate and respiratory rate were within the usual normal limits 
throughout the operation. The patient had an ordinary bilateral multiple nodular goiter. 



Eig, 1. Case 1. Massive bilateral pneumothorax 
with mediastinal and subcutaneous emphysema, five 
hours after thyroidectomy. 


The removed lobes weighed 114 grams. The operative procedure was uneventful. The 
inferior thyroid artery was ligated pi’oximall}' on the I'ight side and the recurrent 
laryngeal nerve was visualized on that side. A small Penrose drain was left in the wound. 

The patient was retui-ned to his room awake and in good condition. At 1 p.m. he com- 
plained of severe pain in the left side of his chest and difficulty in breathing. The respira- 
tory rate rose to 28 per minute and the pulse rate from 90 to 130. He was immediately 
placed in an oxygen tent. It was thought that he had a massive collapse of the lung. 
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of carbon dioxide from the lungs. TJiere was no subsequent evidence of a parathyroid 
deficienc3^ 

It Avas noted that the respirations consisted of a long ex])iratory phase and a very 
short, almost instantaneous, inspiratoiy phase. From the character of the breathing it 
was suspected tliat he liad a temsion pneumothorax. • On examination of the chest it 
seemed that the left side was moj-c resonant and that the breath sounds Avere much less 
distinct. A roentgenogram (Fig. 2) taken at 10:30 a.m., one hour after operation, re- 



Fig. 2. Case 2. Almost complete left pneumothorax, 
one hour after thyroidectomy. 


vealed a large left pneumothorax and mediastinal and subcutaneous emphysema. The 
subcutaneous emphysema was neA'^er marked. It could not be seen on inspection but 
could be felt by palpation above each clavicle. 

A needle was inserted anteriorly through the chest wall in the second interspace. A 
considerable quantitj’- of air was withdrawn but it was not measured and the needle 
then was connected to a water-seal bottle. The patient’s condition improved ratlier 
slowly. It was several hours before he regained a reasonable degree of consciousness. 
Cyanosis and dyspnea persisted in a lesser degree but sufficient to necessitate continuous 



994 


LINDON SEED 


Volume 9 


Kjaergaard (40) demonstrated such a valve vesicle in one autopsy and 
possibly in a second but most pathologists search for them in vain. It must 
be admitted, however, that the openings through which air seeps from the 
mediastinum into the pleural cavity are also not discernible to the post- 
mortem pathologist. But much higher pressures are required to rupture the 
normal visceral pleura than the thin mediastinal pleura. It is undoubtedly 
possible for PT to result from this cau.se but it does not seem possible that 
the PT thus produced would re.sult in mediastinal and subcutaneous 
emphysema. Although air passes rather easily from the mediastinum into 
the pleural cavity it cannot be forced under ordinary pressures from the 
pleural cavity into the mediastinum. In Adams’ case (6) the patient had 
asthma plus emphysematous lungs as proven by preoperative x-ray exami- 
nation. This is the only case reported in the literature in which there was 
any abnormality of the lung itself. His patient had a right tension PT, 
apparently without mediastinal or subcutaneous emph 3 ’’sema. No autopsy 
was performed. That the PT arose from a ruptured vesicle is unquestion- 
ably possible. Yet Peterson (41) reported a death from ME and PT in 
asthma and collected 7 from the literature, in all of which there was associ- 
ated ME. The presence of ME is in itself presumptive evidence that in 
these cases the air passed from the mediastinum into the pleural cavity 
rather than the reverse. 

Macklin and Macklin (42) have recentl}’’ made an exhaustive review of 
ME and PT with an interpretation of the clinical literature in the light of 
laboratory experiments. From it one can obtain practically all the useful 
information that there is on the subject. It is their contention that the 
syndrome of PT, ME and subcutaneous emphysema begins as a pulmonary 
interstitial emphysema due to the rupture of intrapulmonary vesicles. As 
a result of local or general h 3 q)erinflation, air ruptures through the vesicles 
based on the sheaths of small branches of the pulmonary vessels. It makes 
its way along the vessel sheaths to the mediastinum. It may then make its 
way upward into the neck or downward along the aorta and esophagus. 
It may rupture the mediastinal wall producing pneumothorax. Once the 
leakage has begun, the pressure necessary to continue the leak need not be 
so high as that initiating the rupture. In some patients, the air builds up 
sufficient pressure within the lung itself to block off the pulmonary circula- 
tion and even bronchoalveolar ventilation. In some, it builds up dangerous 
pressure within the mediastinum. In some, the air passes upward into the 
neck with relief of mediastinal pressure. In some, it ruptures into one or 
both pleural cavities with or without tension pneumothorax. The path it 
will take is not always the same and is not predictable. This theory will 
satisfactorily explain the history and findings of all the reported cases of 
ME and PT following thyroidectomy. No other one will. 
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jNIE in 12 of 18 cases and are of the opinion that the air enters through the 
neck. Neffson (38) found PT and ME in 17 out of 126 tracheotomies. 
Forbes e( al. (12) found ME after tracheotomy in 30 (41 per cent) of 71 
patients checked by x-raj-- examination and PT in 12 (15 per cent) of 82 
patients. There were two deaths from this cause alone in a total of 120 
tracheotomies. This high incidence of ME and PT following tracheotomy^ 
would tend to confirm the theory that the air reaches the pleural ca^’ity by 
way of the neck. Yet Figi (39) reported 200 tracheotomies and did not men- 
tion the compheation at all. His patients differed from those of the other 
authors in two respects: a) they were mostly adults, whereas the others 
were children, and b) the tracheotomies were not as rule performed as 
emergency procedures for severe obstruction, as in the case of the others. 
Analy^sis by Neffson (38) and Forbes (12) indicated that ME and PT in- 
crease in incidence vdth the severity of obstructive symptoms. Most of the 
cases of ME and PT reported following thyToidectomy were in patients 
also exhibiting e^ddence of respiratory obstruction during the course of 
the operation. Seidl (10), much as did Goldberg (37), injected air into the 
dog’s mediastinum through a glass tube. He found that with 100 cc. of 
air there was no change; at 300 cc., no change; but with 600 to 800 cc., 
vdth pressures of plus 22 to plus 26 cm. of water, there was a sudden drop 
of pressure to minus 8 to 10 cm. when air entered the pleural ca^’ity^ In a 
patient with an intrathoracic goiter he found a mediastinal pressure of 0 to 
minus 3 cm. of water in ordinary breathing and from minus 8 and minus 10 
cm. to plus 2 and plus 4 cm. on deep breathing. In three patients with an 
outspoken intrathoracic goiter be found no e^ddence of ME by" x-ray'’ exami- 
nation four hours postoperatively”^. He could not obtain in animals any^ 
pressure rise in the mediastinum by the simple sucking in of air. Although 
he admits the possibihty of air being sucked into the mediastinum, he can- 
not conceive of sufficient pressure being built up to cause its rupture into 
the pleural ca^dt•y^ In his opinion, if air entered the mediastinum by this 
route it should be absorbed or even come out of the wound or through the 
drainage opening. Indeed, the surgical treatment of severe jME is an in- 
cision above the sternal notch to permit the exit of air. In the second case 
reported here, very large quantities of air were "ndthdrawn from the chest 
over a period of three day^s during which time the wound, although it con- 
tained a small latex rubber (Penrose) drain, was sealed over and certainly' 
could not have given ingress to such a large volume of air. Similar circum- 
stances led Adams (6) to a similar conclusion. Ob\’iously', this hy'pothesis 
for the explanation of the condition following neck operations could not 
be appUed to abdominal and other operative procedures. 

The rupture of an emphy'sematous bleb ■\Hth a vahmlar ffap on the sur- 
face of the lung is a commonly’^ accepted explanation for spontaneous PT. 
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incidence of complications was noted than in patients prepared with 
Lugohs solution. The most striking result that has been obtained is the re- 
duction of operative mortality. In the twenty-year period preceding 1943, 
the operative mortality for all patients with hyperthyroidism was approxi- 
mately 1 per cent, and in a selected group of patients, tlie thyrocardiacs, 
it was approximately 3 per cent. 



Fig. 2. A small remnant remains after radical subtotal 
thyroidectomy. The anterior edge of the remnants is sutured 
by interrupted sutures to the fascia of the trachea. (From 
Surgical Clinics of North America, June 1949. Published 
with the permission of W. B. Saunders Compan}’-, Phila- 
delphia.) 


Operative Procedure 

All thyroidectomies were carried out under general anesthesia, utilizing 
nitrous oxide-oxygen-ether or ethylene-oxygen-ether anesthesia. The ma- 
jority of patients had the anesthetic given through an endotracheal tube. 
Cyclopropane has not been used because of its effect on the heart, particu- 
larly as evidenced by changes in rhythm. No patients have been operated 
on under local anesthesia. 

The technic of subtotal thyroidectomy will not be described. The opera- 
tion is carried out routinely by the dmsion of the prethyroid muscles and 
with a wide lateral dissection and exposure. All four thyroid arteries are 
ligated, the superior thyroid vessels being ligated and divided and the in- 
ferior thyroid arteries hgated in continuity (Fig. 1). Two or more parathy- 
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Fig. 1. The superior thjToid vessels have been doubh' ligated and diidded. The supe- 
rior and> inferior parathjToids have been identified. The recurrent larjTigeal nerve is 
demonstrated for its entire cer\'ical course. The inferior thj-roid arterj- will then be 
ligated in continuity. (From Surgical Clinics of North America, June 19-19. Published 
with the permission of "M. B. Saunders Company, Philadelphia.) 

vascularit}’^ and to be verj^ friable. The appearance of the gland was not 
unlike that observed in patients before the use of iodine. Most of these 
technical difficulties have been overcome bj' causing involution of the 
gland by the administration of iodine during the latter part of the pre- 
operative period but it still remains necessary to exercise the greatest care 
in carrying out the procedure, in order to avoid the complications that may 
follow thjwoidectomy. This became evident soon after the emploj'ment of 
the antithjToid drugs when, as reported in an earlier re\iew, a higher 
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of all four thyroid arteries but may still occasionally be encountered in 
spite of this technical precaution. Most of the bleeding encountered is 
from the veins of the skin flap or the anterior jugular veins but at times the 
inferior thyroid veins may not be adequately secured. In 1,000 consecutive 
patients undergoing th,yroidectomy it was necessary to open the incision in 
27, or 2.7 per cent. It is our practice to open an}’^ wound that becomes 
puffy or ecchjmiotic, since there is always the possibility of these conditions 
being followed by some degree of respiratory obstruction. In any doubtful 
case it seems advisable to open the flap and make certain that all bleeding 
is controlled. 

Respiratory obstruction requiring tracheotomy 

Thirteen patients out of the group of 1,000 had tracheotomy performed 
either at the time of operation or soon afterward, usually within forty-eight 
hours. Any patient with signs of respiratoiy obstruction has immediate 
indirect larjmgeal examination and if the airway is encroached upon by 
edema or there is limited motion of the vocal cords, tracheotomy is per- 
formed at once. It should be emphasized that tracheotomy should be per- 
formed in any doubtful case, since a mild degree of respirator}'’ obstruction 
may rapidly become a complete obstruction with little further warning. In 
the 2 fatalities that occurred from this cause, the tracheotomy was per- 
formed four and six hours respectively after the first symptoms occurred, 
yet this proved to be too long an interval. Nurses, interns, residents and 
staff physicians must all be aware of this possibility and the necessity for 
immediate action in order to avoid the rare fatality that may result. 

In this group of 13 patients in whom a tracheotomy was performed, were 
3 patients who had preoperative myxedema produced by the use of the 
antithyroid drugs. This occurred early in our experience and it is now ap- 
preciated that respiratory obstruction is very likely to develop in any pa- 
tient with myxedema under these circumstances. Each patient routinely 
has a metabolism test on the day that he is scheduled for operation. If the 
metabolism is found to be depressed below normal, the operation is can- 
celled, blood is taken for determination of (fasting) cholesterol, and the 
patient is discharged from the hospital. Iodine medication is continued but 
no further antithyroid drugs are given for a period of two to four weeks. In 
our more recent experience, after recognition of this possibility, respiratory 
obstruction from this cause has not occurred. 

Parathyroid tetany 

The incidence of postoperative parathyroid insufficiency has increased 
considerably since the use of the antithyroid drugs. There is no definite 
evidence to support the view that the antithyroid drugs affect the parathy- 
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In the present series of 1,000 patients, uniiateral nerve injury was found 
in 10, or 1.0 per cent. In addition to this small number, there were other 
patients who had temporary immobility of the cord as observed by indirect 
laiyngeal inspection. We do not believe this is related to exposure of the 
nerve but rather to edema as a result of thyroidectom}''. 

Table 1. Surgical Treatment op IlYPERTnYROinisM. Summary — 1000 Patients 

Per cent 


Hemorrhage 

2.7 

Traclieotomy 

1.3 

Postoperative hypothyroidism 

4.5 

Tetanj'- 

1.5' 

Nerve injury 

1.0 

Recurrence 

2.4 

Mortality 

0.2, 


In Table 1, I have made a summaiy of the complications and sequelae 
of thyroidectomy in 1,000 consecutive patients prepared with antithyroid 
drugs and iodine. If one includes the patients who have postoperative 
bleeding and those in whom a tracheotomy was necessary, 4 per cent of the 
patients have technical complications which cause difficulty during the 
immediate postoperative period but which do not interfere subsequently 
with obtaining a good result. About an equivalent number, or 4.5 per cent, 
require the administration of desiccated thyroid after operation, making a 
total of 8.5 per cent. Operative mortalit 3 '’ and recurrent larjmgeal nerve 
injuries are found to have a very low incidence. It is very essential that 
every effort be made to reduce the incidence of parathjToid insufficiency 
and recurrence of the hjmerthyroidism, since these two groups constitute 
4 per cent of unsatisfactoiy results. 

CONCLUSIONS 

Surgery is the most satisfactory method of treatment for most patients 
with hyperthyroidism. It should be employed, with few exceptions, in pa- 
tients with nodular goiter with hyperthyroidism. 

Subtotal thyroidectomj'- can be carried out with a low operative mor- 
tality which has been further lowered to 0.2 per cent by the utilization of 
the antithyroid drugs in the preparation of patients for operation. 

T\Tien antithyroid drugs are used in the preparation of patients for 
surgerjq larger portions of the thyroid gland should be removed than 
after preparation with iodine. 

Following subtotal thyroidectomy satisfactory results are obtained in 
95 per cent of patients. 
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Table 1. Incidence of Carcinoma in Nodular Goiter (Including Toxic, Nontoxic, 
AND Carcinoma) at the Illinois Research Hospital, 193G-1948. 


T 3 '^pe of goiter 

1936- 

-1944 

194^1-] 948 

1936- 

■1948 

No. of 

cases 

j 

Per cent 

car- 

cinoma 

No. of 

cases 

Per cent 

car- 

cinoma 

No. of 

cases 

Per cent 

car- 

cinoma 

Toxic nodular 


■f 

48 

0 

378 


Solitaiy 



(17) 

0 

(SS) 


Multinodular 



(31) 

0 


1.4 

Nontoxic nodular 


17.1 

93 

17.2 


17.15 

Solitaiy 


24.0 

(51) 

(25.5) 


(24.4) 

Multinodular 


(11.0) 

(42) 

( 7.1) 


( 9.8) 

Total 

522 

7.2 

141 

11 .3 

663 

8.0 


Table 2. Incidence of Carcinoma in Nodular Goiter as Obtained 
FROM Numerous Reports in the Literature 


Author 

Number of 
patients 
with 
nodular 
goiter 
(toxic and 
nontoxic) 

Per cent 
carcinoma 
in nodular 
goiter 
(toxic and 
nontoxic) 

Number of 
patients 
with 
nodular 
nontoxic 
goiter 

Per cent 
carcinoma 
in' nodular 
nontoxic 
goiter 

Per cent 
carcinoma 
in solitary 
nontoxic 
nodular 
goiter 

Brenzier & McKnight (6) 
Charlotte, N. C. 

1940 

1 

1 

1 

1 

1 

2,324 

4 




Horn & assoc. (7) 
Philadelphia, Pa. 

1947 

1,135 

1 

1 

6.3 

637 

9.8 


Crile 

Cleveland, Ohio 

1948 

537 

5.6 
; 1 

274 

10.9 

24.5 

Ward 

San Francisco, Calif. 

1947 

3,539 

4.S 



15.6 

Cole & assoc. 

Chicago, 111. 

1948 

663 

1 

8.0 

285 I 

17.1 

24.4 
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of 24.5 per cent carcinoma in solitary goiter, althougli Ward records an 
incidence of only 15.6 per cent (Table 2). 

Although it has long been known that goiter is a geographic disease, that 
fact seems to be forgotten, particularly when the incidence of carcinoma is 
being considered. There is ample statistical e^^dence to prove the point 
regarding incidence of goiter. For example, Rogers and associates (4) re- 
cently noted that in 544,918 patients admitted to the Boston City Hospital, 
the Massachusetts General Hospital and to Johns Hopkins Hospital over a 
period of several 3 "ears, onty 0.59 per cent were admitted to the hospital 
because of a goiter. We made a survej’’ of 68,573 admissions to the Illinois 
Research Hospital over a period of eleven years and found that 1.7 per cent 
of the patients coming to the hospital came because of a goiter. This inci- 
dence of goiter in our patients is almost exactlj-^ three times greater than 
the incidence in the patients reported in the series bj”^ Rogers and associates. 

We should also hke to comment on the failure of autopsj’’ figures to re- 
flect correetty the incidence of carcinoma of the thjToid. For example, over 
a period of the last four j’^ears oim Department of Pathologj’- has had onty 
2 autopsies for carcinoma of the thjToid. However, during this same period 
we know that 11 of our patients with carcinoma of the thjToid have died. 
None of these 11 was autopsied in our hospital. The 2 who were observed 
came from our pre^dous series. We did not refer anj*^ of our patients with 
inoperable carcinoma of the thjToid to the hospital in the moribund state 
for autopsy, largety because beds are so scarce that there is not room even 
for patients with acute conditions. Since we alreadj’^ knew the diagnosis in 
our patients with metastases, and knew there was nothing more we could 
do for them, we did not refer them to the hospital. Most of them died at 
home, although we assume that perhaps a few might have died in other 
hospitals. 

It might be said that our high incidence of carcinoma in toxic nodular 
goiter is related to too much hberality in making the diagnosis. Unfortu- 
natelj’^, our follow-up for our first series for J.936-1944 was poor. However, 
when we had e^^dence that carcinoma of the thjwoid appeared to be pres- 
ent in such great frequenc}^, we decided to follow aU subsequent patients 
verj"- carefulty. We are now able to report a 100 per cent follow-up in pa- 
tients with carcinoma of the thjwoid since 1944 to date. Of 16 patients with 
carcinoma of the tfijn-oid observed between 1944 and a few months ago, 
we know that 11 are alreadj’’ dead. About half of these were inoperable 
when we first saw them. A twelfth patient has metastasis; a short time ago 
we resected the sternocla^dcular joint for a metastasis which decreased in 
size under radioactive iodine, but did not disappear. We assume that this 
patient has other e^^dence of metastasis, but knowing that the sur^dval 
time in carcinoma of the thjwoid is extreme^' variable, it is possible that 



WHAT THYROID NODULES ARE TO BE EEARED?*t 

OLIVER COPE, M.D., BROWN M. DOBYNS, M.D., EDWARD 
HAMLIN, JR., M.D. and JAMES HOPKIRK, M.D. 

From the Thyroid Clinic and the Deparlmeni of Surgery of the Harvard Medical 
School at the Massachusetts General Hospital, Boston, Massachusetts 

I N 1,947 two articles appeared from the Eastern Seaboard of the United 
States minimizing the importance of carcinoma of the thyroid fl) (2). 
In the first, this disease was described as a rare cause of death. This as- 
sumption was based on the low incidence of carcinoma of the thyroid found 
at autopsy at three hospitals in Boston. The author was unable to explain 
why the incidence found by him was so low in contrast to reports of others 
and suggested that the pathologic cz'iteria used in making the diagnosis 
were responsible. 

The second article reported a study of both clinical and autopsy material 
at three hospitals. The incidence of carcinoma of the thyroid in the periods 
studied was found to be less than that reported elsewhere, and virtually no 
greater than the mortality rate of prophylactic surgery in nodular goiter at 
two of the hospitals. Since there was an undesirable complication rate in 
addition, strong doubt was expressed regarding the advisability of such 
prophylactic surgery. 

These reports are at variance with the experience of others. Cancer of 
the thyroid exists along the Eastern Seaboard as well as in the goitrous 
districts of the United States, Since both of the above papers were based 
upon statistics gathered in part from the Massachusetts General Hospital, 
and since the experience and considered opinion of the Thyroid Clinic of 
this hospital differs from the conclusions reached in both papers, it seems 
proper to set before you the reasons leading to our opinion and the policy 
of management of carcinoma of the thyroid at the Massachusetts General 
Hospital. 

Incidence of carcinoma of thyroid at the Massachusetts General Hospital 

The incidence of carcinoma of the thyroid at the M.G.H. has been de- 
termined over the twelve-year period from January 1937 through Decem- 

Received for publication May 27, 1949. 

* Read at the Annual Meeting of the American Goiter Association, Madison, Wis- 
consin, Ma}" 27, 1949. 

This article will be included in the bound volume of the “Transactions of the Ameri- 
can Goiter Association,” published by Charles C Thomas, Publisher, which will be avail- 
able for sale early in 1950. . 

t This study was supported in part by a Grant-in-Aid from the American Cancer 

Societ3^ 


1012 



1018 0. COPE, B. M. DOBYNS, E. HAMLIN, JR, J. HOPKIRK Volume P 

neoplasia as a localized disease. Such recognition is relatively easy when 
the disease is in the form of a single nodule and the remainder of the gland 
is normal. It is less easy when the whole of the gland is nodular and recog- 
nition of neoplasia depends upon differentiating the character of one nod- 
ular area apart from the whole. The local characteristics of hardness, ir- 
regularity and adherence are helpful adjuncts in indicating malignancy but 
may be misleading owing to the presence of inflammation. 

The hope of adequate therapy is increased the earlier the lesion is recog- 
nized. Although spread of the carcinoma into the neighboring tissue and 
lymphatics generally indicates a primary lesion of considerable duration, 
some thyroid cancers, particularly the papillary type, may metastasize 
early into the lymphatic channels. Search for lymph node enlargement, an 
indication of metastasis, is always indicated even when the suspected pri- 
mary lesion is still small and not locally invasive. 

It is not within the scope of this paper to give in detail an account of the 
spread of carcinoma of the, thyroid into the lymphatic channels. I should 
like to point out, however, a lymph node or group of lymph nodes, the 
Delphian node, which has not received attention elsewhere but which we 
have found of great usefulness in identifying the early spread of cancer of 
the thyroid into the lymph nodes (5). 

The Delphian node, named after the oracle of Delphi, lies in the midline 
of the neck just above the upper border of the thyroid isthmus and in front 
of the middle cricothyroid ligament. Anterior to it lies the first cervical 
fascia and the skin. Normally the lymph node is not palpable but if it is 
enlarged and firm from invasion of metastatic carcinoma, it is readily pal- 
pable for two reasons. First, there is no platysma overlying it because the 
platysma muscle does not come to the midline, there being a gap between 
the muscles on the two sides. Second, it can be felt against the firm cricoid 
cartilage or cricothyroid ligament beneath it and can be rolled under the 
fingers. There is difficulty in feeling lymph nodes elsewhere in the neck 
during the early phase of their enlargement from metastatic cancer be- 
cause they are easily displaced or depressed against the soft tisssues around 
and behind them. It is not until enlargement is more advanced that they 
can be felt against the jugular vein, for example. 

The location of the Delphian lymph node is shown in Figure 1. The 
lymph node is almost always normally present. At 152 operations at which 
this lymph node was specifically looked for it was found in all except nine 
cases, or 94 per cent. In 64 per cent of the 152 cases but one lymph node 
was found. In 21 per cent two nodes were found: in 6 per cent, three nodes; 
and in 3 per cent, four or five nodes. MTien the nodes are multiple they are 
clustered together. The higher number of nodes was found generally when 
disease was present in the thyroid associated with lymph node enlarge- 
ment, that is, carcinoma, thyroiditis or Graves' disease hyperplasia. 



WHEN IS MALIGNANT GOITER MALIGNANT?* 
ROBERTSON WARD, M.D. 

From the Department of Stirgery, University of California Medical 

School, Sail Francisco 

I N any discussion of malignant goiter there is alwa 3 ’-s a question as to 
just what the author means bj' malignant goiter. In the literature for the 
past twent 3 '’-five j'ears, and especiallj’^ in the discussions which have taken 
place before this Association and other scientific organizations, there is 
considerable controvers}’’ as to whether this or that lesion should be in- 
cluded in the group under discussion, whether this or that pathologic cri- 
terion is definitive in the determination of malignancj'-, whether pathologic 
or microscopic findings alone can determine malignancj’’ or whether the 
diagnosis can be reached onlj’- on a clinico-pathologic basis. Mj’- thesis is 
that onlj’’ bj’^ chnical studj^ painstaking pathologic investigation and bj’- a 
long personal follow-up can it be determined whether some of the more 
controversial cases are malignant or not. It is with the hope of answering 
some of these questions that the following studj’- of 178 cases is presented. 

Group I 

First of all there are cases in which there is no doubt of the presence of 
mahgnancjn This is the group of highly mahgnant tumors, undifferenti- 
ated microscopicallj'', rapidlj’- growing, invasive locallj’- and prone to meta- 
static involvement of the lungs or other distant regions. These tumors 
seem insensitive to radiation therapiq prone to postoperative recurrence 
and uniforml}’^ prove rapidlj’- fatal. Incidentalljq death from the tumor or 
its metastases is the final incontrovertible proof of malignanc^^ A few ex- 
amples of this group will serve to illustrate the point (Fig. 1). There were 
48 (27 per cent) of these patients in mj’- series and thej’^ are all dead of the 
disease, with an average length of life of seven months from the time of 
diagnosis. Nobody'- will question malignancy here. These tumors prove their 
nature in rapid order by killing their hosts. Incidentally, there is one patho- 
logic finding of grave prognostic import in these cases, nameljq poLunor- 
phonuclear infiltration as seen in some of the microscopic sections (Fig. 1, C 
and E). So much for the noncontroversial group. 
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toms. Their incidence in a degree warranting further antithyroid treat- 
ment or operation is reported by various authorities as being from 2.3 per 
cent (3) to 17.5 per cent (4, 5, 6). In this series, 32 patients (12.3 per cent) 
had secondary procedures performed as the second, third, or fourth thy- 
roidectomy. 

If we acknowledge these recurrences, then we must also acknowledge 
that subtotal thyroidectomy is not an entirely satisfactory treatment for 
diffuse toxic goiter. The same may be said for medical management, in- 
cluding radiation, since it is generally conceded that these measures are 
associated with even higher recurrence rates following cessation of the 
treatment. This appears to be true of propylthiouracil as well as of drugs 
less recently introduced. Microscopically the thyroid tissue of patients 
treated with thiouracil and its derivatives displays a cytologic structure 
not unlike that observed in the imtreated, highly toxic hyperthyroid pa- 
tient. Available drugs are not capable of restoring the thyroid gland to 
normal and of so maintaining it. 

Obviously, then, we cannot fulfill the first mentioned hypothetical re- 
quirement for the permanent relief of hyperthyroidism and there remains 
only the second stated idea of treatment, that is, the total ablation of all 
abnormal thyroid secretion. This can be accomphshed by total thyroidec- 
tomy. If such a procedure can be carried out with a reasonable morbidity 
and mortality rate, then it should be worthy of consideration. We believe 
today, as we did in 1939, that we can perform total thyroidectomy with a 
morbidity and a mortahty rate comparing favorably with those attendant 
upon subtotal operative procedures. 

Total thyroidectomy was abandoned by Kocher and others in favor of 
subtotal procedures because of the complications and sequelae, particularly 
the postoperative myxedema. The operation was replaced by resection not 
because of any inherent superiority of the latter procedure, but because 
of the lack of knowledge and the lack of means to combat such conditions 
as 1) postoperative athyrea, 2) parathyroid tetany, and 3) recurrent laryn- 
geal nerve injury. These circumstances initiated the trend toward subtotal 
th 3 Toidectomy which has persisted to this day. It has been our observa- 
tion that the incidence of the mechanical comphcations and sequelae in this 
series compares favorably with the incidence following subtotal thyroidec- 
tomy. We shall briefly consider our experience with these once prohibitive 
factors. 

Postoperative follow-up 

In this series of 280 patients, 269 (96.1 per cent) have been studied subse- 
quent to operation, as noted in Table 1. Of this group, 78.9 per cent have 
been followed two years or longer. Only 11 patients (3.9 per cent) have not 



TOTAL THYROIDECTOMY IN THE MANAGEMENT 
OF DIFFUSE TOXIC GOITER* 

A. C. SCOTT, Je., M.D. and PAUL M. RAMEY, M.D. 

From the Department of Surgery, Scott and White Clinic, Temple, Texas 

I T is the purpose of this paper to present our experience with total thy- 
roidectomy in the management of diffuse toxic goiter. This report re- 
views a series of 280 patients operated on by one-stage procedures during 
the fourteen-year period from 1935 to 1949. We feel that total thyroidec- 
tomy offers a rational surgical approach to the problem and that it may 
eliminate certain inadequacies of subtotal thyroidectomy. 

In 1939, Scott (1) presented before this Association a preliminary report 
on 71 total thyroidectomies, wherein he outlined the reasons which justified 
the procedure. We believe these statements to be just as applicable today 
as then and wish to recall the following points : 

Many years ago, Henry Plummer (2) pointed out that the manifesta- 
tions of exophthalmic goiter appeared to be due to a qualitatively abnormal 
secretion rather than to a mere excess of a normal thyroid secretion. Appar- 
ently little attention has been paid to this early premise. However, we still 
do not know the cause of diffuse toxic goiter and today, we, as did Plum- 
mer, can only speculate as to the true etiology of the disease. 

If Plummer’s premise is assumed to be correct, then it follows that so 
long as the thyroid gland or any remnant thereof remains in siiu, it may 
secrete an abnormal substance capable of producing any or all of the mani- 
festations of hyperthyroidism in varying degrees of severity. It should also 
follow that these manifestations can be abolished in one of two ways: 1) 
either the thyroid tissue producing the abnormal secretion must be con- 
verted to normal thyroid tissue producing a normal secretion, or 2) there 
must be complete ablation of all of the abnormal thyroid secretion. 

We believe that Plummer’s hypothesis merits reconsideration and that 
it may explain the persistent symptoms observed following subtotal thy- 
roidectomy, since such a procedure leaves a remnant of abnormal thyroid 
tissue in situ. 

It is a fact well known to all of us that persistent manifestations do occur 
following subtotal operations. They are noted as tachycardia, nervous 
excitability, fatigue, weight loss, exophthalmos, and numerous other symp- 
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maintained following total thjToidectomy by the proper administration of 
desiccated thyroid. 

Parathyroid tetany 

The majoritj'^ of pai-athyr-oid disturbances in our series have been tempo- 
rary in nature and easily controlled. These temporary manifestations 
appai-ently are due to a circulatory disturbance occurring during and after 
the operation and they subside in a few days. On the basis of this observa- 
tion, we now routinely administer 100 units of parathyroid extract daily 
during the first five postoperative days. Since this innovation four years 
ago, no such temporary disturbance has been noted. Prior to this, 12 in- 
stances of transient tetany occurred. All of these patients were reheved by 
treatment before dismissal from the hospital. 


Table 3. Parathyroid Tetaxt 


Tj'pe of tetanj' 

Number of patients 

Percentage of total 

Transient 

12 

4.3 

Chronic* 

3 

1.1 


* Only 1 patient (0.36%) requires dihydrotachysterol (A T 10). 


It will be noted in Table 3 that chronic tetany occurred in 3 patients 
(1.1 per cent). In aU thi-ee, the disease is controlled by treatment. Two of 
these patients are maintained on oral calcium alone. It is questionable 
whether these 2 patients should be classified under chronic tetany since 
their symptoms are very mild, occur infrequently, and are controlled by 
oral calcium. In only 1 instance has dihydrotachysterol (A T 10, Winthrop) 
been required in the daily dosage of .625 milfigram to maintain normal 
blood calcium levels. In no instance has there been a fatahty from this 
compUcation and no chronic tetany has occurred since 1940. 

Recurrent laryngeal nerve injury 

We have noted a temporary disturbance of larjmgeal function on 9 
occasions. These are listed in Table 4 as transient nerve injuries, since the 
symptoms subsided in a few days and subsequent examinations have re- 

Table 4. Recurrent Laryngeal Xerve Injury 


I. Transient nerve injury 
9 unilateral 

II. Permanent nerve injury* 
2 bilateral 
2 unilateral 


* Incidence of permanent injury — 1.4%. 
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to Dr. E. C. Kendall; in 1946 to Dr. Carl G. Hartman; in 1947 to Drs. 
Carl F. and Gerty T. Cori; in 1948 to Dr. Fuller Albright; and in 1949 to 
Dr. Herbert M. Evans. In 1943 no award was given. A special committee 
of five members of the Association selects ±he recipient from among in- 
vestigators in the United States or Canada, on the basis of outstanding 
contributions to endocrinology. 

The Ciba Award 

The Ciba Award to recognize the meritorious accomplishment of an 
investigator not more than 35 years of age in the field of clinical or pre- 
chnical endocrinology was estabhshed in 1942, but no recipient was selected 
in 1942 or 1943. In 1944 the award was presented to Dr. E. B. Astwood; 
in 1945 to Dr. Jane A. Russell; in 1946 to Dr. Martin AI. Hoffman; in 1947 
to Dr. Choh Hao Li; in 1948 to Dr. Carl Heller; and in 1949 to Dr. George 
Sayers. The Award is for $1,200. If wdthin twenty-four months of the date 
of the Award, the recipient should choose to use it toward further study in 
a laboratory other than that in which he is at present working, it wiU be 
increased to 81,800. 

***** 

NOMINATIONS 

Each member has the privilege of making one nomination for each Fel- 
lowship or Award. A nomination should be accompanied by a statement of 
the importance of the nominee’s contributions to, or interest in endocrin- 
olog}’- and by a bibliography of the nominee’s most important publications, 
vdth reprints if possible. The nominations should be made on special 
application forms which maybe obtained from the Secretary, Dr. Henry H. 
Turner, 1200 North Walker Street, Oklahoma City, Oklahoma, and re- 
tm-ned to him not later than March 15, 1950. 



The 1950 Meeting of the American 
Goiter Association 

The next meeting of the American Goiter Association will be held at 
the Hotel Shamrock, Houston, Texas, March 9, 10, and 11, 1950. It is 
recommended that all physicians wishing to attend make their hotel 
reservations early. 


Award of the American Goiter 

Association 

VAN METER PRIZE 

The Amekican Goiter Association again offers the Van Meter Prize 
Award of three hundred dollars and two Honorable Mentions for the best 
essays submitted concerning original work on problems related to the 
thyroid gland. The Award will be made at the annual meeting of the Asso- 
ciation which will be held in Houston, Texas, March 9, 10 and 11, 1950, 
providing essays of sufficient merit are presented in competition. 

The competing essays may cover either clinical or research investiga- 
tions, should not exceed three thousand words in length, and must be 
pi’esented in English. A typewritten double spaced copy in duplicate should 
be sent to the Corresponding Secretary, Dr. George C. Shivers, 100 East 
St. Vrain Street, Colorado Springs, Colorado, not later than January 15, 
1960. The Committee, who will review the manuscripts, is composed of 
men well qualified to judge the merits of the competing essays. 

A place will be reserved on the program of the annual meeting for presen- 
tation of the Prize Award essay by the author, if it is possible for him to 
attend. The essay will be published in the annual Transactions of the 
Association. 
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supply that meets demand ^ 
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Normal levels of all the important fat and water-soluble vitamins 
are restored by the administration of one Gelseal 'Theracebrin’ 
(Pan-Vitamins, Therapeutic, Lilly) twice daily for a week or ten days. 

Chronic deficiency states require treatment for much longer periods. 


» THElMEmHI 


are particularly applicable 
in many urgent situations such as arise 

with the preoperative and postoperative patient and in the medical care of severe injuries, 
burns, hemorrhage, and infections. Whatever the individual patient’s need may be 
for one or several of the essential vitamins, the proper dosage 
of Gelseals 'Theracebrin’ will satisfy the requirement. 


ELI LILLY AND COMPANY • Indianapolis 6, Indiana, u.s.a. 


Ill answering, advertisements please mention Journal of Clinical Endocrinology. 
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during the winter months. Similar thyi’oid enlargement was induced in 
rabbits fed on turnip. Surprisingly enough, however, the New Zealanders 
were unable to detect any appreciable activity in the native cabbage. 

A few years later these same investigators made another important con- 
tribution when they discovered that the Brassica seed-goiters would not 
develop in the absence of an intact pituitary and that the administration 
of physiologic amounts of thyroid or thyroxine would also inhibit their 
development. The administration of iodine, however, although lessening 
the thyroid response to Brassica seed feeding hy about one third, would not 
prevent the goitrogenesis. The mechanism of action therefore was con- 
cluded to be an inhibition of thyroxine synthesis (8, 9, 10, 11, 12). At the 
same time identical conclusions were reached concerning the mechanism of 
action of the antithyroid drugs (13, 14). 

One in particular among many’- unanswered questions remained to stimu- 
late those interested in the field. What was the nature of the active com- 
pound contained in these foods? Twenty years ago Alarine had made in- 
vestigations into this problem and'had found that the active principle of 
cabbage was ether soluble, insoluble in water, volatile, and that the ac- 
tivity of the food could be increased by steaming or boiling. Since the 
mustard oils are the most characteristic compounds of this family and 
since they are both ether soluble and volatile, it was only”- natural that he 
should have first turned to these isothiocyanates. However, several differ- 
ent mustard oils had no effect when tested in rabbits. 

Cyanides were also reported to be common constituents of the cabbage 
family, so these compounds were next tried. All cyanides tested were 
found to produce thyroid hypertrophy in the rabbits, but particularly 
methyl cyanide (acetonitrile), the simplest and least toxic. Alarine (15) 
then postulated that the active material in cabbage was some sort of 
cyanide and that it pi-oduced thyroid enlargement by interfering with oxi- 
dation mechanisms in the tissues, thereby in some manner increasing the 
need for thyroid hormone. Several investigators since then, however, have 
been unable to confirm the goitrogenicity of cyanide, and at the present 
time the general consensus is that it is by no means proved that any 
cyanide can be incriminated as a naturally occurring goitrogen. 

About this time, another great step forward Avas taken when Richter and 
Clisby (1941) in Baltimore reported that a substance they' Avere testing as 
a taste discriminator, pheny'-lthiourea, AA’ould produce thyroid enlargement 
in their rats (16). The foUoAAing year Kennedy of the Noaa' Zealand group 
published a short report (17) suggesting that allydthio.urea might be the 
actiA’-e principle of cabbage and shoAA-ing that it, too, AA'as goitrogenic in rats. 
The reasoning beliind Kennedy’s suggestion AA'as neA-er made quite clear, 
but probably he put together the facts that allyl mustard oil AA'as common 
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Although this theory has been demonstrated to be correct by innumera- 
ble investigators in innumerable experiments, Wd the rising use of iodized 
salt has been accompanied by a concomitant decrease in the incidence of 
goiter, the undeniable fact remains that not all nontoxic thyroid enlarge- 
ment can be explained by postulating iodine-lack. It is not at all uncommon 
to find living in the vicinity of Boston, within a few miles of the ocean, 
many goitrous individuals who have been in this locality all their lives and 
who are accustomed to consuming sea food at least once a week. Surely 
the iodine ingestion in such cases must be well above the 100-200 micro- 
grams estimated to be the daily requirement for man. 

With the discovery that certain chemical compounds, the antithyroid 
drugs, would inhibit the formation of thyroxine, an entirely novel concep- 
tion of human goitrogenesis was made possible. If such compounds were in 
some unexplained manner made available to the human organism during 
his daily routine, the pathogenesis of some heretofore inexplicable cases of 
thyroid enlargement mighf now be understood. All that was necessary was 
the demonstration of a naturally occurring goitrogen in substances that 
would ensure its access to the thyroid gland. Of course, the most obvious 
source of such a goitrogen would be in the food or water, and water could 
be excluded in most modern communities, since municipal water supplies 
serve the entire population. 

The idea that certain foods may cause thyroid enlargement is not new. 
Many primitive peoples believe that this is the cause of their ‘^swelled 
necks.” No really good experimental evidence in support of this hypothesis 
was forthcoming, however, until the work of Chesney, Clawson, and 
Webster in 1928 (1, 2, 3), who discovered that rabbits being maintained in 
their laboratory were developing large goiters although their necks were 
perfectly normal upon purchase. After tracing down other possible factors, 
these investigators decided that the daily cabbage ration was responsi- 
ble (4). 

Marine and his collaborators in New York immediately confirmed and 
extended the original observations (5, 6), finding that several other Bras- 
sicae (the genus to which cabbage belongs) would produce thyroid hyper- 
trophy when fed to rabbits, among them cauliflower and Brussels sprouts. 
Scientific workers from all over the world added further confirmation to 
this discovery and several new vegetables were added to the list. A few re- 
ports, of course, were made of failure to reduplicate Chesney’s results. 

No really new contribution was made to the field, however, until 1936, 
when Hercus and Purves (7) in New Zealand discovered that the seeds of 
certain of the Brassicae, notably rape seed, mustard seed, and cabbage 
seed, were effective goitrogens when fed to rats. They also reported an 
epidemic of goiter occurring among sheep which were fed a diet of turnip 
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serum iodide of these patients was approximately 0.5 micrograms per cent 
and their daily urinary excretion of iodide between 150 and 250 micro- 
gi-ams per diem. The unit of radioactivity used in Table 1 is the older Oak 
Ridge curie, which was 1.75 times the present Oak Ridge curie. 

P'pe.&i-pi-l'ai’ion of 5a,Tvin Ra.a.n.f orc.8,d wifK 
3^5 Diio io'fxjr oftitve. 


*r3 



Fig. 3. When serum containing diiodotyrosine is precipitated by heat-coagulation 
a spuriously high value for protein-precipitable iodine is obtained. This error can be 
obwated largely by precipitating with acid-acetone. 

The pulmonary clearance suggests that nearly 0.3 per cent of the body’s 
reserve of iodide was exhaled per hour. Therefore, in the course of three 
or four weeks over 1 per cent of an assimilated dose might be lost by ex- 
piration, on the assumption that the loss by sweat was negligible. In 
extremely hot weather doubtless less would be exhaled proportionately, 
because the relative loss of water through the lungs would be less. This 
relation of iodide in expired water vapor to the iodide reserve in bod}" 
^ter may afford a useful gauge of dosage during therapj" with radioiodide. 

The results just cited hold only when test or tracer doses are emplo 3 'ed. 
When appreciable amounts of carrier iodide were also given, the loss of 
radioactive iodide by the urine was greater and less was trapped in the 
thyroid. 

Organic iodine in human serum. When iodide is added to liuman serum 
in excess, as shown by Bassett, Coons and Salter (11), the heat-coagulated 
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Table 1. Human Pulmonary Clearance of 



Days 

after 

1 Radioactivity of 

E.xpired 

Daily urinary excretion 

Patient 



(counts 

1131 


Urine 


Per cent 
of dose 


1127 

(pg.) 


dose 

curies X 10“' 

minute)* 

(per cent 
of dose) 

volume 

(ml.) 

Ja. 

N. H. H. #C1S816 








Test dose 

0.0 







(150 pc.) 

■ 1.5 

6.9 XlO-3 

13 

6,700 





2.5 

— 

— 

2,300 





3.8 

1.7 X10-» 

3.1 

950 




Therapeutic dose 

0.0 







(45.8 me.) 

1.0 

82 XlO's 

423 


35 (IS hrs.] 

1 41 

1,590 

Male, 63 yrs. 

1.75 

35 XIO'5 

159 

Off scale 

36 

95 

3,820 

83.6 ICg. ' 

3..75 

30 XlO's 

133 

Off scale 

7.7 

225 

3 ',160 

Ji.M.K. = —45 per cent 

6.0 

— 

— 

10,815 

2.6 

170 

1,890 

Thyroid carcinoma, metastatic in 

6.8 

5.6 XlO-s 

29 

10,065 




manubrium sterni, treated with 

10.75 

3.2 XlO-5 

15 

3,710 




Serum “hormonal" iodine =0,9 pg. % 
Serum iodide = 1 . 5 pg.% 








Li, 

N. H, H, #49683 








Teat dose ' 

0.0 







(140 pc.) 

1.3 

— 



210 

48 

89 

810 

Male, 60 yrs. 

60.1 Kg. ! 

Anaplastic cervical carcinoma 

Serum “hormonal" iodine =4.1 pg.% 

1.8 

1 

2.1 XIO-J 

4.0 

1 


2.6 

130 

1,120 



Serum iodide =1.6 pg.% 








Be. 

N. H. H. #B8364 








Test dose 

0.0 




1 

1 


(150 pc.) 

3.9 

1 0.44X10“’ 

0.94 

62 


1 


Therapeutic dose 

0.0 







(45.8 me.) 

0.8 

17 X10-‘ 

80 

Off scale 

50 

205 


1.8 

12 X10-« 

56 

Off scale 

19.8 

KilH 

fclc [ 

Female, 30 yrs. 

1 

1 

— 

23,000- 

2.5 

138 


53.2 Kg. 

3.8 

8.6 X10-’ 

40 

10,300 

0.75 

55 

BJt [ 

B.M.R. = —30 per cent 

4.8 

— 

— 

6,000 

4,400 




5.8 

5.0 XlO-5 

23 





7.0 

— 

— 

4,050 




Recurrent thyroid carcinoma, treated 

17.0 

0.63X10-« 

2.9 

410 




with I™ 








Serum "hormonal" iodine =2.1 pg.% 
Seruntiodide =5.2 pg.% 








Ma. 

N. H. H. #027671 








Test dose 

0.0 

— 

— 

— 


— 

— 

(147 pc.) 

1.0 

13 X10-’ 

IS. 7 

2,500 


— 

— 

Female, 29 yrs. 








54.1 Kg. 

B.M.R. = +1 per cent 








Thyroid carcinoma with lateral node 
metastasis 

Serum “hormonal” iodine =4.6 pg.% 
Serum iodide =1.9 pg.% 









* Readings taken with Tracerlab, Ino. (Boston) Model SU-3A laboratory monitor equipped wth Geiger tube 
TGC-1 through probe window 2.8 cm, in diameter. 


tracer raciioiodide for several patients at both the “test-dose” and tlie 
“therapeutic-dose” levels. The pulmonary clearance is given in detail for 
patients Ja and Be, who suffered from thyroid cancer. Both patients were 
ambulatory and active, although the first was being treated for a metasta- 
sis in the manubrium sterni and the latter for the thrice-recurrent growth 
of a thyi-oid adenopapilloma, still confined to the cervical region. The 
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Metabolic experiments (rats) 

Methods 

The metabolic fates of iodide, diiodotyrosine, phenyl diiodohydroxy 
phenyl propionic acid (“Priodax”) and phenyl diiodohydroxj’- cinnamic 
acid (called P-76) were studied in adult male Wistar rats, weighing 
nearly 300 grams each. Both stable and radioactive forms of these sub- 
stances were used. The material was injected intraperitoneally in physi- 
ologic sahne solution. The dosage was adjusted in each case to yield 500 
micrograms of total iodine per 100 gi’ams of rat. The animals were fasted 
overnight before the injection. They w^ere sacrificed at increasing intervals 
after the injection, so that a composite curve of iodine concentration could 
be attained. In order to conserve the brain, each animal was rapidly re- 
duced to the beginning of Stage II anesthesia with diethyl ether and then 
exsanguinated by carotid bleeding. Care was taken not to injure the thy- 
roid gland. Various organs were then removed as rapidly as possible, 
•weighed and cliilled in an ice box at 4° C. The blood' was treated similarly. 

From each organ appro.dmately 900 milligrams was taken and weighed. This sample 
was finely ground with a miniature conical mortar and pestle in order to homogenize it. 
Distilled water, made alkaline with ammonia to a concentration of 0.015 normal, was 
used to dissolve the protoplasmic constituents. The final homogenate had a volume of 
about 6 ml., which was collected in a 15 ml. conical centrifuge tube. "With I N acetic acid 
the turbid solution or suspension was brought to the isoelectric point near pH 5.0, and 
the centrifuge tube was heated to about 95°C. in a boiling water bath. As the protein 
coagulated it was stirred intermittently to prevent the formation of large masses of 
coagulum. After standing ten minutes at 95°C., the tube was centrifuged and the super- 
natant liquor saved. The coagulum was washed once with 2 ml. of water and centrifuged 
again. 

The combined supernatant liquors were divided. Half was used to measure radio- 
activity and half to measure stable iodine. In the latter instance, the iodine extractable 
with butyl alcohol was separated from the hydrophilic iodide. The heat-coagulum was 
dissolved in 1 ml. of warm I N sodium hydroxide. 

The measurements of radioactivity were made according to the method described by 
Salter (16, 17) in which the unknown, X, is compared with X-i-a, where “a” is a known 
aliquot of the original radioactive material. This method ob'vdates the need for ashing the 
sample and at the same time compensates for various geometric factors and errors due to 
internal absorption or adsorption. Stable I*-' was measured by the procedure described 
in detail by Salter and Johnston (5). 

As an alternate method to heat coagulation near pH 5.0, certain homogenates were 
also precipitated with cold acetone at pH 5.0, as described by Salter and Johnston (5). 

Because the measurements of radioacti\dty were detailed and laborious, 
comparative measurements were made at a time when the distribution of 
iodine had become somewhat stable. This appeared to be most illuminating 
three hours after injection, but probably it would be interesting to carry- 
out the detailed analysis at longer intervals. At any rate, the detailed 



